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PREFACE 

The preparation of this book was undertaken in part because 
of the requests for information made to the author by numerous 
friends engaged in the manufacture of coal gas, and in part with 
the desire of placing before the American student of coal gas 
production, data in a concise form covering the various systems 
of coal carbonization. 

Baltimore was the first city in America to undertake to supply 
illuminating gas as a commercial commodity. The residents of 
this city were invited in 1816 to visit Peale's Museum to see the 
new "burning air," the name given to coal gas by the advertising 
agent of the museum. This exhibition took place just six months 
after the daily papers had announced that Covent Garden Thea^ 
tre in London, as well as several streets in the English capitol, 
were illiuninated by the burning of coal gas. 

Unfortunately, coal gas manufacture received a nerious ml- 
back through the advent of carburetted water-gas, and this con- 
dition has continued, until now approximately 75 per oj;nt. of 
the gas manufactured is produced in the water-gas generator. 

This condition is the reverse of that existing in England, which 
country can truly be termed the home of coal gas, and conse- 
quently the successful installation of coal gas plants in America 
will necessarily have to fc^ow English pnLCiicf:. 

English pioneers and investigators, such as the late Vivian B. 
Lewes, and many others, have paved the way for the revival of 
coal gas manufacture in this country, and there \» evidence that 
such a revival is about due. The su/:ce^%- of thu development 
will depend in large meaksure upon the u.^ of rite gr^r^t fund of 
knowledge covering the carbonization of c^^, whi/rh ttsnA \f$^,xi 
produced by the indefatigable lafjor* of the KngJlf h pior>efT« and 
investigators. 

Much informatioo having direct bearini^ on liiH carf/onizafion 
of coal is hfiag made avaOable by the V, ^, Hureaa fA Wlu^,, 
and its bulfetins are of extreiiQ^ valu^ trr nhe *t<irieri^^ of f.hi;^ viF^ 
ject, while the invesniganioQ:* tnadertaken by tb*^ ^'ui'/^'^iyf fA 
Slinob are opening op Lfiw field.^ fA r^ne^sir^Ti vhi/^h vill iilf.^ 
matdy yield a better andersrjui^n^ of ^cjt ^i:.r>;4^/^., 

rii 



viii PREFACE 

I wish to express my indebtedness to the various journals from 
which information has been drawn, and to the authors of articles 
whose names are given in these pages, for the fund of knowledge 
placed at my disposal. I would appreciate suggestions from the 
readers of this book, which may lead to an extension of its use- 
fulness in later editions. 

Frederick H. Wagner. 

Baltimore, Md., 
January, 1916. 
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PART I. COAL 



CHAPTER I 



ORIGIN AND CLASSIFICATION 



All coals, no matter what their classification, arc of purely 
vegetable origin, generally attributed to the remains and debris 
of prehistoric forests, these remains having been subjected to 
a species of destructive distillation, due to varying, but great, 
temperatures and pressures, and the original organic matter 
has thus been resolved into its ultimate constituents, such as 
carbon, hydrogen, oxygen and other substances, all in varying 
quantities, due to the method of formation. 

The formation of coal was greatly influenced by time, loca- 
tion of the bed beneath the surface, and disturbances due to 
geologic upheavals, the latter resulting in the admixture of various 
mineral substances with the final production of the various 
classifications, such as Peat, Lignite, Cannel, Bituminous, Semi- 
bituminous, and Anthracite Coals, the classification of the coals 
being generally accepted under the specifications given in Table I. 

Table I 



Claasification 



Per cent, of combustible 



Fixed carbon 



Volatile matter 



Anthracite 

Semi-anthracite 

Semi-bituminous 

Bituminous, eastern 
Bituminous, western. 
Lignite 



97.0 to 92.5 

92.5 to 87.5 

87.6 to 75.0 
75.0 to 60.0 
65.0 to 50.0 

Under 50 



3.0to 7.5 

7.5 to 12.5 

12.5 to 25.0 

25.0 to 40.0 

35.0 to 50.0 

Over 50 



B.t.u. per pound 
of combustible 



14,600 to 14,800 
14,700 to 15,500 
15,500 to 16,000 
14,800 to 15,300 
13,500 to 14,800 
11,000 to 13,500 



The uncombined carbon in coal is generally termed "fixed 
carbon," and as some of the carbon is found in combination with 
hydrogen which, together with other gases, is driven off through 
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the application of heat, the volatile matter is formed by this 
process of distillation, the fixed carbon together with the volatile 
matter forming what is known as the ^* combustible" constituent 
of the coal. This volatile matter, however, also contains nitrogen 
and oxygen, which are not combustible, but as custom has applied 
this term to that portion of the coal which is free from ash and 
dry, nitrogen and oxygen are generally included under this term. 
Coal also contains moisture and refractory earthy materials, 
the latter forming the ash. A variation of from 3 to 30 per 
cent, of the total weight of the coal is found in the ash, while 
the moisture may vary from 0.75 to 45 per cent, of this weight, 
depending upon the district where the coal is mined as well as 
upon the grade of the coal. 

The gradation in the formation of coal from its original state 
•is best shown by the tabular statement in Table II, where the 
percentage of carbon, hydrogen, and oxygen is given for the 
various periods of formation. 



Tai 

• 


»LE 11 






Substance 


Carbon 


Hydrogen 

5.25 
5.96 
5.27 
5.68 
5.84 
5.05 
3.96 


Oxygen 


Wood fiber 


52.65 

59.57 

66.04 

73.18 

75.06 ' 

89.29 

91.58 

•- 


42.10 


Peat 


34.47 


Liffnite 


28.69 


O " 

Earthy brown coal 


21.14 


Bituminous coal 


19.10 


Semi-bituminous coal 


5.66 


Anthracite coal 


4.46 







Various equations have been written to show the chemical 
changes undergone by the original vegetable matter m the forma- 
tion of coal, but they are all based upon assumptions which 
cannot be proven. These equations are usually based upon 
the hypothesis that the vegetable matter is cellulose, a carbohy- 
drate with the formula CeHioOs, and upon the assumption 
that this carbohydrate gradually gives up carbon dioxide, 
marsh gas, and water, thus gradually producing the scries of 
matter commonly known as coal. The formula CeHioOs 
represents the empirical composition of cellulose, but not its 
true molecular weight, the formula given by A. Nastukoff 
being 40 CcHioOs, but this also is an assumption. 

Cellulose is a very important constituent of vegetable matter, 
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and it is true that during decay it gives up carbon dioxide, march 
gas, water, and other matters, but these changes are difficult 
to determine. The waters in every swamp or peat bog contain 
soluble organic matter, and the usual equations given for the 
formation of coal do not take this into account, but its presence 
is a factor in the resultant product. 

If the composition of wood is used as the basis of coal forma- 
tion, the derivatives can be better traced, see Table II, but here 
again wood, or the fibers of wood, the ultimate composition of 
which has been definitely determined, is not the only substance 
which must be considered in arriving at a definite conclusion. 
This substance contains cellulose, but also another substance 
known as lignone, lignin, or lignocellulose, as well as other 
organic matters. 

In tracing the actual formation of coal it is safe to assume that 
the original vegetation died and was subjected to a partial 
decay, this decaying matter being buried under successive layers 
of like matter, or of earthy sediments. This process prevented 
complete oxidation by contact with the atmosphere, and also 
subjected the matter to the heat of fermentation, as well as to a 
gradually increasing pressure. This vegetable origin can be 
easily traced by a microscopic examination of the final product, 
where the remains of trees, ferns, grass, sedge, moss, etc., are 
easily discerned, and thus the slow decay of this buried matter 
forms the chief interest in chemical investigations of the forma- 
tion of coal; it must also be remembered, however, that the re- 
mains of animals also formed a portion of these substances, thus 
increasing the nitrogen content of the coal, while the ash due 
to these remains was increased by the addition of inorganic 
sediment. 

Peat. — It is a generally accepted fact that the formation of 
peat is the first step in the formation of coal, due to the burial 
of mosses, grasses, and such plants as grow in marshes, in succes- 
sive layers, this phenomena being easily traced by observation 
only, as the surface of a peat bog shows growing plants, while 
somewhat below the surface the remains of these plants can be 
seen; going a little deeper, a black substance, which no longer 
shows the vegetable origin to a marked degree, is found, this 
substance being known as peat. 

Peat, then, is organic matter in the first stages leading to the 
formation of coal; its moisture content is very high, averaging as 



COAL AND COKE 



much as 75 or 80 per cent., while its ash content varies from 3 to 
12 per cent. 

Table III gives a series of analyses made by J. Websky,^ 
the pe^t samples being dried at 100°, and the analyses calculate 
on an ash-free basis. 

Table III. — Analyses of Sphacjnum and Peat 




C 
H 
O 

N 



49.88 


50.33 


50.86 


59.71 


59 . 70 


59.71 


6.54 


5.99 


5.80 


5.27 


5.70 


5.27 


42.42 


42.63 


42.57 


32.07 


33.04 


32.07 


1.16 


1.05 


0.77 


2.95 


1.56 


2.95 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



62.54 
6.81 

29.24 
1.41 

100.00 



A, Sphagnum, the chief plant of peat bogs. B. Light peat, near surface. 
C. Light peat. D. Moderately light peat. Ej F. Black peat. G. Heavy 
brown peat. 

Here the progressive increase in carbon while passing from 
sphagnum to heavy peat is clearly shown. The nature of the 
changes during the transformation of sphagnum, or vegetable 
matter, into peat are only partly understood, but it is a well- 
known fact that when ligneous fibers decay they yield an amor- 
phous mixture of such substances known as humus acids, humic, 
ulmic, crenic, and apocrenic acids; these acids are not very well 
defined, and various formulae have been given them, but none 
are accepted as established. When these acids are placed in an 
alkaline solution, they dissolve and are partly washed away, but 
the salts which are formed in combination with lime and iron, 
being insoluble, remain behind. Thus the ash of peat is rich 
in lime and iron, but the lime does not exist as carbonate. 

It is presumed that the formation of humus acids is produced 
by a process of fermentation, thus setting free and eliminating 
some carbon, hydrogen, and oxygen in the shape of carbon 
dioxide, marsh gas, and water, these changes being probably 
assisted by the presence of micro-organisms. H. Borntrager 
made a series of peat analyses in which he found from 25 to 60 
per cent, of humic substances, and from 30 to 60 per cent, of 

* Journal ftir praktischc Chemie, Vol. 92, page Go, and The Data of 
Geochemistry, 1908. 
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6. Jet, which is the hardest variety of lignite, its derivation 
being probably due to the fossilization of coniferous wood, it 
being principally used for the production of jewelry and other 
ornaments. 

Lignites usually contain a large amount of moisture, as they 
are peculiarly hygroscopic; they also contain organic sulphur as 
well as inclosures of pyrite or marcasite, and sulphates or gypsum. 
Table V gives the analyses of American lignites made at the 
fuel testing plant of the United States Geological Survey, all 
of the samples analyzed having first been air dried. 

Table V. — Analyses of American Lkjnites 



Moisture 

Volatile matter 
Fixed carbon . . . 
Ash 



A 

16.70 

37.10 

39 . 49 

6.71 



B 



C 



22.48 : 
31.36 i 
26.73 i 
19.43 I 



18.51 
35.33 
30.67 
15.49 



D 

17.69 

37.96 

39 . 56 

4.79 



I 



9.05 
36 . 70 
43.03 
11.22 



100.00 100.00 



Sulphur 



0.63 



0.56 



100.00 I 100.00 I 100.00 
3.05 i 0.63 1.76 



A. Brown lignite, from Williston, North Dakota. B. Lignite from Texas. 
C Lignite from the Tesla mine, Alameda County, Cal. D. Lignite from 
Wyoming. E. Black lignite from Red Lodge, Montana, which is a coal of 
doubtful character and is not really considered a lignite. 

These coals were also analyzed as to their elements, ash, 
moisture, and sulphur being thrown out, the result, given in 
Table VI, showing less variation than the above. 

Table VI. — Elementary Analyses of American Lkjnites op Table V 



Carbon . . . 
Hydrogen 
Nitrogen . 
Oxygen . . 



.4 


B 


C 


D 


72 . 02 


73.63 


75.19 


1 
75.97 


4.93 


5.07 


6.18 


5.36 


1.20 


1.35 


1.04 


1.41 

1 


21.25 


19 . 95 


17.59 


17.26 


100.00 


100.00 


100.00 


100.00 



E 



77 A7 
5.44 
1.75 

15.34 

100.00 



We find that the brown coals contain a great deal of the resin- 
oids and fossil hydrocarbons in visible masses, as well as in a 
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Table VII gives the analyses of bituminous coal, of the Car- 
boniferous age, as made at the fuel-testing plant of the United 
States Geological Survey, the proximate conventional analyses 
being: 

Table VII. — Proximate Analyses op Bituminous Coal 



B 



D 



E 



Moiature 

Volatile matter 
Fixed carbon . . 
Ash 

Sulphur ' 



3.51 


2.61 


9.55 


4.52 


9.90 


16.82 


34.92 


36.19 


40.96 


33.66 


73.04 


56.30 


43.65 


38.99 


44.86 


6.63 


6.17 


10.61 


15.53 


11.58 


100.00 


100.00 


100.00 


100.00 


100.00 


0.94 


1.26 


3.72 


6.83 


1.81 



13.72 
36.24 
39.72 
10.32 

100.00 
^.96 



A. Ehrenfeld, Pennsylvania. J5. Bruce, Pennsylvania. C Vigo County, 
Indiana. D. Altoona, Iowa. E. Shawnee, Ohio. F. Staunton, Illinois. 

The ultimate analyses of these same coals, on a water-, ash-, 
and sulphur-free basis are shown in Table VIII. 

Table VIII. — Ultimate Analyses of Bituminous Coals 



B 



D 



E 



Carbon . . . 
Hydrogen 
Nitrogen . 
Oxygen... 



90.78 


85.73 


84.19 


82 . 92 


82.20 


4.69 


5.49 


5.92 


6.06 


5.45 


1.40 


1.75 


1.42 


1.27 


1.60 


3.13 


7.03 


8.57 


9.75 


10.75 


100.00 


100.00 


100 . 00 


100.00 


100.00 



81.87 
5.85 
1.36 

10.92 

100.00 



Here the variation between carbon and oxygen is readily 
shown, the oxygen content increasing as the carbon content 
decreases. 

The same content of constituents cannot be expected even 
in coals taken from the same mines, as is shown in Table IX, 
the latter being the analyses of samples taken from the Unser 
Fritz mine, Westphalia, the data having been prepared by F. 
Fischer,* the last column of the table being the average of the 
series, prepared by Clarke. 

* Data of Geoche,mistry, 1908; Zeitschrift ftir Angew. Chemie, 1894, 
page 605, and Technologie der Brennstofife, Vol. 1, pages 518-520. 
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Table IX. — Analyses of Coal from Unser Fritz Mine 



Carbon . . . 
Hydrogen 
Nitrogen . 
Oxygen . . . 



' 85.33 


85 . 06 


84 . 28 


82 . 34 


80.69 


5.20 


4.66 


4.85 


4.94 


4.94 


1.49 


1.35 


1.87 


1.18 


1.29 


7.98 

1 


8.93 


9.00 


11.54 


13.08 


100.00 


100.00 


100.00 


100.00 


100.00 



83.81 
4.98 
1.47 
9.74 



100.00 



Table X gives the analyses of fossil plants and cannel coal, 
these being peculiar variations of bituminous coals. 



Table X 



A 



B 



C 



Carbon . . . 
Hydrogen 
Nitrogen . 
Oxygen . . . 



82 . 45 
4.75 
0.43 

12.37 



100.00 



83.58 

5.77 

. 2.21 

8.44 


87.89 
6.53 
2.08 
3.50 


100.00 


100.00 



A. An average of six analyses of fossil plants from the coal beds of 
Commentry, France, made by S. Meunir; these plants were in perfect 
structural preservation but had been entirely transformed into coal. See 
Fremy's EncydopMie Chemique, Vol. 2 (Complement, Part 1), page 152. 
B, Analysis of Wigan cannel, given by F. Vaux, Journal Chem. Soc, Vol. 1, 
page 320, 1840. C. Analysis of Tynesidc cannel, given by H. Taylor, 
Edinburgh New Phil. Journal, Vol. 50, i)age 145, 1851. All three analyses 
are given on an ash-free basis.* 

The variation in the nitrogen content in the above samples 
is very suggestive, as it shows that this content was very low in 
the fossil plants, but quite the reverse in the cannels; this seems 
to infer that the remains of the plants contributed very little 
nitrogen to the coal, and that the probable source of this con- 
stituent was due to the remains of animal matter in the cannels. 
It has also been pointed out by Newberry that the remains 
of fish are abundantly found in cannel coal, seeming to infer 
that these cannel beds were deposited under water, the vegetable 
matter forming a carbonaceous paste in which the remains of 
fish became imbedded, this consolidation producing the cannel 
coal. 



* Sec The Data of (tcochomistry, 1908, i)age <)54. 
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Table XP gives a comparison of several varieties of coals, 
moisture-, sulphur-, and ash-free, except where noted. 

Table XI. — Average Analyses of Bituminous Coal 





.4 


1 


C 


D 


Carbon 


87.52 
5.20 
1.61 
5.67 


82.91 
5.70 
1.49 
9.90 


83 . 65 
5.48 
1.86 
9.01 


84.19 


Hydrogen 

Nitrogen 

Oxygen 


5.58 
1.41 

8.82 








100.00 


100.00 


100.00 


100.00 



-4 . Average of 20 analyses of bituminous coals from Pelmsylvania, Mary- 
laud, Virginia, and West Virginia. Combined from data given in the report 
of the fuel-testing plant of the United States Geological Survey. B, Aver- 
age of 40 analyses of bituminous coals from Ohio, Indiana, Illinois, Iowa, 
and Missouri. From the same report. C. Average of 15 analyses of 
Scotch coals, by W. D. Anderson and J. Roberts, Jour. Soc. Chem. Ind., 
Vol. 17, page 1013, 1898. Sulphur is included in the figure for oxygen. D. 
Average of 18 analyses of coals from Newcastle, 28 from Lancashire, and 
7 from Derbyshire, England. Recalculated from averages cited by Fischer 
in Chem.. Tech. der Brennstoffe, Vol. 1, page 512. 



Anthracite. — Anthracite, or hard coals, are those dry coals 
which contain from 3 to 7 per cent, of volatile matter and which 
do not fuse or swell when burned. True anthracite is a hard, 
compact, lustrous and sometimes iridescent coal, and it is char- 
acterized by but few joints and clefts. Its specific gravity varies 
between 1.4 to 1.8; it kindles with difficulty, is hard to keep burn- 
ing, its flame being short and colorless, and it emits no, or very 
little, smoke. The semi-anthracite variety has less density, 
hardness and luster than true anthracite, its distinguishing char- 
acteristics, when newly fractured, being its ability to soot the 
hands; ordinarily its specific gravity is about 1.4, and it kindles 
more readily and burns more freely than true anthracite. 

An analysis of anthracite shows a large proportion of fixed 
carbon, but a relatively small amount of volatilizable matter, as 
shown in Table XII.^ 



* The Data of Geochemistry, 1908, page 654. 

* Data of Geochemistrj', 1908, page 056. 
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Table XII. — Proximate Analyses of Anthracite 





A 


B 


C 


D 


E 


Moisture 


1.28 
12.82 
73.69 


2.08 

7.27 

74.32 


2.27 

8.83 

78.83 

0.68 

9.39 


2.98 
3.38 
87.13 
0.66 
5.85 


1.82 


Volatile 


6.18 


Fixed carbon 


86.75 


Sulohur 


0.75 


Ash 


12.21 


16.33 


4.50 








100.00 


100.00 


100.00 


100.00 


100.00 



A . Semi-anthracite, Coal Hill, Arkansas. Prof. Paper, U. S. Geol. Survey, 
No. 48, 1906, page 202. B. Anthracite culm, Scranton, Pennsylvania. 
Idem, page 245. C. Lykens Valley, Pennsylvania. D, Schuylkill coal, 
Pennsylvania. E, Cameron coal, Pennsylvania. Analyses C, D, and E 
by A. S. McCreath, Second Geol. Survey Pennsylvania, Vol. MM. 

Table XIIP shows the ultimate analyses of anthracite coals, 
ash, sulphur, and moisture being excluded. 

Table XIII. — Ultimate Analyses of Anthracite 



Carbon . . . 
Hydrogen. 
Nitrogen . 
Oxygen . . . 



A 


B 


C 


D 


E 


F 


G 


91.47 
4.25 
1.64 
2.64 


92.73 
3.37 
0.85 
3.05 


93.90 
3.22 
1.00 

1.88 


94.63 
2.73 
1.36 
1.28 


94.68 
2.29 
0.76 
2.27 


97.46 
0.61 
0.35 
1.58 


93.50 
2.81 
0.97 
2.72 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



A. Semi-anthracite; the same as A, Table XII. B. Welsh anthracite, 
analysis by F. Vaux. C From Scranton, Pennsylvania, Coal B, Table XII. 
D. From Mauch Chunk, Pennsylvania, Analysis by J. Percy. E. From 
Province of Hunan, China. Analysis by F. Haeussermann and W. 
Naschold. F, From the Bajewka, Ural. Analysis by Alexejepf. G. 
Average of 16 analyses of anthracite compiled from different sources. 

Distribution of American Coals. — With some unimportant 
exceptions, the anthracite coals are found in five small coal 
fields located in eastern Pennsylvania, and in the list here 
given, they are placed in the order of their hardness. 



*Data of Geochemistry, 1908, page 656. 
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being touched on their Western borders, thence passing on 
through southeastern Ohio, eastern Kentucky, and central 
Tennessee, finally ending in western Alabama, thus stretching 
across a distance of 900 miles between the northern and southern 
extremities of the field. 

Bituminous coal is also found in the Northern Field, in north 
central Michigan; and in the Eastern Interior Field, which is 
somewhat further west, and which is second in importance to 
the Appalachian Field, this Eastern Interior Field covering nearly 
the entire Stat« of Illinois, with the exception of the upper 
northern portion, southwestern Indiana, and the w^^tern portion 
of Kentucky. 

The Western Bituminous Field is found extending through 
central and southern Iowa, western Missouri, southwestern 
Kansas, eastern Oklahoma, and the western central poVtion 
of Arkansas, while the Southwestern Field is confined almost 
entirely to the north central portion of Texas, where two small 
fields are also located along the Rio Grande river. 

The remaining bituminous fields are found scattered through 
the Rocky Mountain Region, passing from Montana to New 
Orleans, the principal ones being found in central, southwestern, 
and southern Montana; northern, northeastern, southern, and 
southwestern Wyoming; southern, northern, northwestern, 
" western, and north central Colorado; Eastern and southwestern 
Utah; northern, northwestern, and southern New Mexico, while 
a few small fields arc scattered along the Pacific Coast in western 
California, southwestern Oregon, western and northwestern 
Washington. 

The greater portion of the coals produced in the latter fields 
mentioned above lie on the border between bituminous coal and 
lignite, being usually known as a low-grade bituminous, or black 
lignite. 

The lignites are found in Wyoming, New Mexico, Arizona, 
Utah, Montana, North Dakota, Nevada, California, Oregon and 
Washington, and many of the fields given above as containing 
bituminous coal also contain lignite. Some lignite is also found 
in portions of eastern Texas and in Oklahoma. 

Coal has also been found in Alaska, and these new fields will 
undoubtedly i)r()ve of great value, high-grade coals being found 
at present in the Bering River Field, near Controllers Bay, and 
in the Matanuska Field, at the head of Cook's Inlet, both fields 
containing anthracite as well as high-grade bituminous coals. 



CHAPTER II 

OXIDATION AND SPONTANEOUS COMBUSTION 

Oxidation accompanied by the production of heat may be 
broadly termed combustion, even though the process of oxidation 
be a very slow one, thus also producing heat at such a very slow 
rate that it is not indicated by a rise in temperature, and the 
theory that the rate, or rapidity of oxidation, of a combustible 
during the period preceding ignition, is one of the principal factors 
which determine the ease of ignition, is generally accepted as a 
fact. There is also no doubt of the fact that the oxidation of coal 
is not confined to such temperatures as produce active burning 
accompanied by flame, because coal exposed to the air will 
undergo oxidation at ordinary temperatures. 

This fact has led to the statement that the weathering of coal 
with its consequent reduction in value as a fuel is not due to a 
loss of the volatile combustible gases in the coal, but principally 
to the combination of the coal with oxygen, this combination 
being formed in a way which causes a large portion of the oxygen 
to be retained by the coal, thus causing a portion of the com- 
bustible constituents to become inert. 

Experiments have shown that a coal which is known to have 
a high coking value loses a great deal of this quality by being sub- 
jected to preliminary heating in air for a short period, or by ex- 
posing the coal to the weather for a long period, this loss being 
due to oxidation. 

This slow oxidation of the coal, or of its mineral impurities, 
by the oxygen of the air, produces a spontaneous heating of the 
coal, this heating not being due to a process of fermentation in the 
coal itself, as was formerly supposed, it being a well-known fact 
that spontaneous combustion cannot occur when air is not present. 

Coal at ordinary temperatures absorbs oxygen from the air 
and thus increases its weight, but the nature of this reaction has 
never been clearly demonstrated, although it has been suggested 
that certain constituents of the coal unite with oxygen in such 

15 
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absorbent of oxygen, and, therefore, became more rapidly 
heated ; that air-ways in a heap would have to be very numerous 
in order to prevent any rise in temperature; and that the heap 
ought to be so constructed as not to allow air to get from the air- 
ways into the bulk of the coal. 

Haedicke in 1880 assigned to pyrites the leading part in spon- 
taneous ignition, conditioned on allowing the temperature to 
rise sufficiently. 

Prof. Fischer of Gottingen, in his work on this subject 
prior to 1901, concluded that storage depreciation and spon- 
taneous ignition were phenomena of oxidation; the part which 
is played by iron sulphide was disputed, but the variances which 
have given rise to the uncertainty was due to the differences 
between the different sulphides of iron present in coal. He 
claims that marcasite, for example, is much more weatherable 
than ordinary pyrite. Actual wetting is much more promotive 
of oxidation of the iron sulphide than heating in dry or even 
moist air. Besides this, Fischer finds that many coals contain 
sulphur in the form of unsaturated organic compounds. He 
finds that those coals which rapidly absorb bromine are those 
which arc most liable to rapid oxidation and spontaneous igni- 
tion; as a practical test, he recommends shaking a gram of the 
finely powdered coal with 20 cc. of a half normal solution of 
bromide for 5 minutes. Then, if the smell of bromine has 
not disappeared the coal may safely be put in storage; if it has, 
the coal should be used as soon as possible. The absorption 
of oxygen by the unsaturated organic compounds referred to is 
accompanied by a gain in weight and at the same time by a 
rise in temperature; and the warmer the mass the more rapidly 
does the oxidation go on, so that the temperature is apt to 
rise to a dangerous extent. Concurrently with the oxidation 
of these products, is the oxidation of another set of organic com- 
pounds with evolution of carbon dioxide and water vapor, and 
this results, not in a gain, but in a loss of weight. Whether 
the mass as a whole gains or loses weight is, therefore, a question 
of the composition of the coal, but the loss in weight is in no 
case great. Covering wet slack coal with other coal is apt to 
produce spontaneous ignition; the danger here appears to arise 
from the sulphide of iron rather than from the organic com- 
pounds. Fischer regards ventilation of the coal heap with sus- 
picion, not because the idea in itself is a wrong one, but because 
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it is not practicable to ventilate the whole heap efficiently. He 
claims that the coal should be stored dry and kept dry under 
cover, and in layers not too deep. 

In a paper read before the German Gas Association in 1900, 
Herr Sohren, Manager at Bonn, stated that it is no longer pos- 
sible for many reasons to work gasworks with a supply of coal 
renewed from month to month, and that all questions affecting 
storage have, therefore, a continually increasing importance. 
Undoubtedly there is a greater or less depreciation in the quality 
of coal kept in store, and the causes of this have attracted a 
good deal of attention, though, on the whole, it is surprising to 
find to how great an extent the study of the chemistry of coal has 
been neglected. Questions of this nature assumed impor- 
tance in connection with the spontaneous ignition of cargoes 
of coal in ships; in 1874, out of a list of 4485 coal laden ships, 
no fewer than 60 caught fire. 

In 1906, Prof. Lewes of the Royal Naval College, England, 
stated that, in the spontaneous ignition of coal stored in bulk, 
the oxidation of the pyrites present plays only a very subsidiary 
part, the chief factor being the surface condensation of the oxygen 
in the pores of the coal and the action of the condensed gas in 
'effecting the oxidation of the hydrocarbons present in the coal. 
While sufficient ventilation to prevent any considerable increase 
in temperature within the mass is effective in preventing ignition, 
it is practically impossible to maintain this condition in large 
coal stores, or in a cargo on board ship, where usually only 
enough air enters to lead to dangerous heating. 

A. O. DoANE in 1904 stated that the amount of moisture 
present in a bituminous fuel after drying in the air is a measure 
of the risk of spontaneous ignition when the fuel is stored; 
bituminous coals containing over 4.75 per cent, of moisture are 
dangerous. Coal bins should be of iron or steel, protected by 
concrete, and should be roofed over. Free air passages should 
be provided around the walls and beneath the bins so as to keep 
them cool, and the depth of coal should not be over 12 ft. The 
customary method of providing air passages in the body of the 
fuel is useless, since it tends merely to accelerate oxidation and 
does not produce a sufficient current of air to keep the tem- 
perature down. Cracks or joints in the walls of the fuel bin 
increase the risk of spontaneous ignition for similar reasons. 

DuRAND has explained the spontaneous ignition of coal as 
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Crete, that no steam pipes or flues be near the bins, that a good 
circulation of air be about the sides and under the bins, and that 
the coal should not be piled to a depth greater than 12 ft. He 
also recommends that the bins be roofed, and that they contain 
pipes in which thermostats should be placed, and when the 
latter register 140°F. (60°C.), something should be done to 
stop the rise in temperature. 

Groves and Thorp state that gases occluded in the crevices 
or cavities of the coal escape during mining and continue to do so 
after storage. The inflammable nature of these gases makes 
them a source of great danger, for it is believed that'they are the 
causes of many of the disastrous explosions on board vessels 
carrying coal as a cargo. 

Parr and Barker, working on the gases occluded in Illinois 
coal, found that two active processes are set up immediately 
upon liberation of the coal from the vein. The first is an exuda- 
tion of hydrocarbons, consisting mainly of marsh gas (CH4), 
and the second is an absorption of oxygen. They found that 
after a period of 2 months practically all of the marsh gas had 
been liberated and, although the avidity of the fresh coal for 
oxygen was very pronounced, after a period of 2 months, active 
absorption of oxygen still took place, the work of R. T.' Cham- 
BERLiN on explosive mine gases and dust confirming the work of 
these investigators. 

Other investigations made by Deunstedt and BtJNZ in 1908, 
by Graefe, Erdmann, Stolzenberg, Boudouard and others 
might be cited, but a summary of the opinions of all of these 
will clearly show the results of their work; the opinions of many 
differ as to the real causes of spontaneous combustion, but the 
leading factors may be summed up as follows:^ 

1. The kind of coal, in regard to its volatile matter. 

2. The purity of the coal. 

3. The presence of pyrite or other sulphur compounds. 

4. The temperature of the coal. 

5. The size of the coal. 

6. The presence of occluded gases in the coal. 

7. The presence of moisture. 

8. The accessibility of oxygen. 

9. Pressure on the coal. 

• Bulletin No. 46, University of Illinois. "The Spontaneous Combustion 
of Coal," Parr and Kressmann. 
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1. Kind of Coal. — From the ignition temperatures given by 
Fayol, it may be seen that only those coals (such as lignites, 
bituminous and semi-bituminous) containing large amounts of 
volatile matter, are liable to ignite spontaneously, and that 
anthracite, with its very low percentage of volatile matter, is 
practically entirely excluded. The results of the work of O. 
BouDOUARD, on the coking power of coals, also substantiates 
this view, for in his work he found that those coals richest in 
volatile matter (carbohydrates, cellulose, etc.), were most Uable 
to spontaneous combustion. 

2. Purity of Coal. — The work of our own government seems 
to indicate that coals of exceptional purity are more apt to heat 
up than coals containing large amounts of extraneous matter. 
This is probably due to the fact that very pure coals are able to 
condense and absorb the oxygen of the air much faster than other 
coals and so cause an increase in temperature, which finally results 
in the chemical combination of the oxygen and hydrogen occluded 
in the coal. This view is confirmed by the later work of Deun- 
8TEDT and BtJNZ, who found that those coals which oxidized and 
increased in temperature most rapidly were remarkably free 
from mineral matter and pyrite. . 

3. Presence of Pyrite. — As to what part sulphur compounds, 
especially pyrite, play in the spontaneous ignition of coal, opin- 
ions differ greatly. Some believe pyrite to be the leading factor, 
while others believe it pla3rs no part at all, or, if so, ascribe to it 
a position of minor importance and beUeve its action to be 
merely a subsidiary one. The oxidizing action of the air upon 
pyrites is, however, admitted, and the notion appears to be 
fairly general and well established that pyritic oxidation tends 
to raise the temperature of the coal. On the other hand, it is 
seen from the work of Fayol, Deunstedt and BtfNZ, Threlfall 
and others that coals containing pyrite in a quantity too insig- 
nificant to be noticed are very apt to ignite spontaneously. The 
Newcastle coal of New South Wales is also a very good example 
of this class of coals. Others, however, believe that the only 
influence of the pyrite is a mechanical one, in which the oxida- 
tion of the thin films of pyrite in the coal serves merely to break 
up the coal. 

4. Temperature of the CoaL — Most of the authors agree that 
the temperature of the coal undoubtedly is one of the main 
factors in the whole subject of spontaneous combustion, for cases 
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that is generated. Air is accessible in suflRcicnt amounts to cause 
oxidation, and still is not present in large enough amounts to 
conduct away the heat. The fact that friable coals are more 
prone to ignite spontaneously than coals not so friable also seems 
to substantiate the above opinion. Deunstedt and BUnz in 
their work on this subject even went so far as to make a friability 
test on all the coals they worked with for they conceded the 
danger arising from the fine coal with its great avidity for oxygen, 
and recommended that they considered safe to transport on board 
ship only those coals passing a certain standard in their friability 
test. 

6. Occluded Gases in the Coal. — While it is now a well-known 
fact that gases of an inflammable nature are occluded in coal, 
their relation to the spontaneous ignition of coal has not yet 
been clearly established. Whether the gases occluded in the 
coal are the real cause of spontaneous ignition is doubtful, but 
if the coal becomes heated up by oxidation or some other cause 
to a temperature high enough for the oxygen of the air to unite 
with these gases, then it is seen that the presence of these gases 
constitutes a source of danger, and then coals with large amounts 
of gases occluded in them would be more liable to ignite than 
coals containing smaller amounts of these gases. 

7. The Presence of Moisture. — Opinions differ greatly as to 
what part moisture in the coal plays in the spontaneous com- 
bustion of the same. Some, as Doane, believe the moisture 
content of the air-dry coal to be a direct index of its power to 
ignite spontaneously. Evidence given to thcj New South Wales 
Commission and also to the British Commission shows that coal 
piles are more apt to take fire during warm weather following 
showers than at other times, although F'ayol, as a result of 
experimental work, claims that the influence of the wc»ather on 
coal heaps has not been sufficiently marked to be observable. 

Erdmann and Stolzenberg l)elieve the 8pontan(»ous com- 
bustion of coal to be due to the formation of ozone by the action 
of the sun on warm, sunny days following a rain, when the surface 
evaporation is especially great. If this is true, moisture employs 
a more important part in the phenomena of spontaneous com- 
bustion than has heretofore been ascrilnrd to it. 

That the presence of moisture materially assists the pyritic 
oxidation is generally conceded, although whether it cenmtn an 
increase in temperature or merely a disintegration of the coal 
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due to the formation of ferrous sulphate is a matter of dispute. 
Others believe that the only part that moisture plays is a me- 
chanical one, where alternate freezing and thawing break up the 
coal into smaller particles and so expose more surface to the oxy- 
gen of the air. Again, it is thought that, aside from increasing 
the pyritic oxidation, moisture acts as a catalytic agent between 
the carbon and the hydrogen or unsaturated bodies of the coal 
and the oxygen of the air. Perhaps, as Erdmann and Stolzen- 
BERG have suggested, this reaction may consist of the formation 
of ozone which is immediately absorbed by the coal. This idea 
of catalytic action on the part of the moisture is substantiated to 
some extent by the fact that some coals containing minimum 
amounts of pyrite are nevertheless very liable to spontaneous 
ignition; and coals of this class, viz., the Newcastle and Scotch 
coals, have been known to cause fires. 

8. The Accessibility of Oxygen. — That the combination of 
oxygen with the constituents of the coal causes a rise in tem- 
perature seems to be firmly established. Which particular con- 
stituent is the cause of the rise in temperature has not, however, 
been shown with any great degree of certainty. The presence of 
humic acid in the oxidized coal leads one to believe that the 
oxygen combines with some of the unsaturated humus bodies, 
such as polysaccharides. That this humus substance is an 
unsaturated body is shown by the fact that it absorbs large 
amounts of bromine without the evolution of hydrobromic acid. 
In fact, Fischer goes so far as to devise a practical test to 
determine the safety of a coal by means of this reaction with 
bromine. 

The idea is also held that the oxygen of the air combines 
directly with the carbon and hydrogen of the coal and so causes 
an increase in temperature. If amorphous carbon (charcoal 
and lampblack) can be oxidized to carbon dioxide on exposure 
to the air by means of bacteria, as has been proved by Potter,^ 
the oxidation of the carbon of the coal is very probable. The 
presence of oxygen is therefore to be avoided and the old idea 
of thoroughly ventilating the coal piles by free access of air is 
gradually being dropped and, at the present, authorities deem 
it advisable to keep the coal away from the air as much as 
possible, either by submerging it under water or storing the 
coal in covered concrete bins. If ventilation is used to lower 

1 Proc. Royal Soc., Loudon'(B), Vol. 80, page 196. 
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the temperature of the coal, it should be through pipes, so that 
the cooling air cannot come in contact with the coal at all. 

9. Pressure on the Coal. — The belief that pressure on the 

coaZ is one of the leading factors in the spontaneous ignition of 

coal seems to be gaining ground, and because of this fact it is 

advocated that coal heaps should not be any higher than 15 to 

20 ft. The experience of Mr. Bush (Australia) in this respect 

is certainly very startling, and in a store of that size the question 

is very probably more one of pressure than of radiation, although 

in smaller storage units it would probably be hard to decide 

whether the cause of the spontaneous combustion was due to 

pressure or lack of proper insulation of the heat generated 

within the pile. 

Pa.rr and Kressmann in their further studies on this subject 
made quite a number of experiments at the University of Illinois,^ 
and their conclusions are quoted below. 

PARR AND KRESSMANN'S CONCLUSIONS 

1. The oxidation of coal is continuous over a wide range of 
time and conditions, and begins with the freshly mined coal at 
ordinary temperatures. A number of oxidation processes are 
involved, which are more or less distinct in character, some 
being relatively slow and moderatjB in form, while others are 
rapid and vigorous in their action. 

2. In general it may be said that for a given coal a point 
exists, as indicated by the temperature, below which oxidation 
is not ultimately destructive. The continuance of this point 
is dependent upon certain accessory conditions; if these condi- 
tions are withdrawn, the oxidation ceases. On the other hand, 
above this critical point, which is best indicated by temperature, 
oxidation is ultimately destructive and is characterized by the 
fact that it does not depend for its continuance upon external 
conditions, but is self-propelling, or autogenous. 

3. The point of autogenous oxidation, while varying for dif- 
ferent conditions, may be indicated by temperatures of the 
mass ranging from 140** to 160°C. (284° to 320°F.) in an atmos- 
phere of oxygen, or approximately between 200° to 275°C. (392° 
to 527°F.) in oxygen diluted with nitrogen, as in air, depending 

^ Bulletin No. 46, University of Illinois. "The Spontaneous Combustion 
of Coal." 
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■ - < I . very largely dependent upon the freshness of the coal 
■ j.a iijxin the fineness of division (see h above), and should be 
i,' 'I upon as a contributing factor, though in coals of the Illi- 
nois i^iK*, at least, with their high per cent, of sulphur, this action 
r5ii(jul<l doubtless be considered second in importance to that 
oi" iion pyrites. 

{f1) Iron Pyrites. — The presence of sulphur in the form of iron 

pyrites is a positive source of heat due to the reaction between 

sulphur and oxygen. This may be conveniently referred to as 

the second stage in the process of oxidation. Here again rapidity 

of oxidation is directly dependent upon fineness of division. 

Since coals, as a rule, have a much higher earthy or ash content 

in the fine duff, and since iron pyrites is a large component of this 

material, it follows that the presence of dust or duff in all coals of 

the Illinois type is a positive source of danger. Since coals of the 

Illinois or mid-continental field have in the larger number of cases 

iron pyrites averaging over 6 per cent., or, as sulphur above 3 

per cent., the heat increment from the oxidation of only one-fifth 

of this material is sufficient to raise the temperature of the mass 

approximately 70°C., assuming that there is no loss by radiation. 

Under usual conditions, and especially considering the greatly 

accelerated rate of chemical activity accompanying a rise of 

temperature, this oxidation may proceed with such rapidity that 

the heating up of the mass will be but little affected by loss of heat 

due to radiation, except in relatively shallow piles. 

(e) Moisture, — Moisture, while essential to pyritic oxidation, 
is given separate mention because its importance is apt to be 
under-estimated. 

Any coal with conditions favorable to oxidation will be facili- 
tated in that action by moisture. It is to be noted in this con- 
nection that the normal water content or vein moisture of coals 
in this region (Illinois) is rarely below 10 per cent., and ranges 
usually from 12 per cent, to 15 per cent. The presence of such 
water must be borne in mind in considering the likelihood of 
chemical activity on the part of the pyrites present. Without 
exception, in all the series of tests, (he wetting of the coal increased 
the activity as shown by the vltimaie temperature. 

(/) The Oxidation of Carbon and Hydrogen. — A third stage of 
oxidation of the carbonaceous material exists by reason of the 
tendency of certain of the hydrocarbon compounds of coal to 
oxidize with the formation of CO2 and H2O at temperatures in 



30 COAL ASD COKE 

excess of 120** to 140^C. (248° to 2WF. ). Though this t\'pe of 
oxidation does not take place appreciably at ordinary* tempera- 
tures^ it must be looked upon as an exceedingly dangerous stage 
in the process of oxidation, o\i4ng to the verj' much higher quan- 
tity of heat which is discharged by the oxidation of carbon and 
hydrogen; so that the temperature of autogenous action, although 
ordinarily occurring at a higher point by 100**C. (212*^.) or 
more, may be quickly attained as a result of this form of oxida- 
tion. Any initial heat increments, therefore, which threaten to 
bring the chemical activities along to the point where the oxida- 
tion processes invade the carbonaceous material in this manner 
must be looked upon as dangerous. For example, any of the in- 
itial or contributor^' processes which result in raising the tem- 
perature of the mass oO^C. (122*^.) above the ordinary' tem- 
perature, would, in all probability, have enough material of 
the sort involved in such action to continue the activitv until 
another 50° had l>een added, which would thereby attain to the 
condition wherein this third type of osddation would Ix^n. 

(g) The fourth stage of oxidation may be indicated as oc- 
curring at temperatures above 200° to 27o°C. (392° to 527T.) 
and differs from the previoas stages in that the action is autog- 
enous and not dependent upon other sources of heat to keep 
up the reacting temperature. ActiN-ity in this stage is further 
accelerated by the fact that above 300°C. (572°F.) the decom- 
position of the coal begins, which is exothermic in character, 
thereby contributing somewhat to a further increase in tempera- 
ture. The ignition temperature is reached at a point still further 
along, usually in excess of 300° to 400°C. (,572° to 752°F.). 

5. The above formulation of the various stages and Xypos of 
oxidation clearly indicates the principles which must be observ^ed 
in any attempt at the prevention of spontaneous combustion. 
The following enumeration, then^fore, of preventive or pre- 
cautionary measures is to be considereil as suggestive rather 
than complete in character. 

(ri) The avoidance of an external source of heat which may 
in any way contribute toward incn^jising the temperature of the 
mass is a first and prime essential. 

(/>) There must be an eliu\inatioi\ of coal dust or finely divided 
material. Tliis will reduce to a minimum the initial oxidation 
process(»s of bt)th the carbonacemis matter and the iron pyrites. 
These lower forms of oxidatioii are to In* looked upon as forces, 
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without which it would be impossible for the more active and 
destructive activities to become operative. 

(c) Dryness in storage and a continuation of the dry state, 
together with an absence of fine material, would practically 
eUminate the oxidation of the iron pyrites. 

(d) Artificial treatment with specific chenwcals or solutions 
intended to act as deterrents does not oflFer great encouragement, 
though some results seem to warrant further trial in this direction. 

(e) By means of a preliminary heating, the low or initial stages 
of oxidation are effected. These sources of contributory heat 
being removed, the forms of destructive oxidation are without 
the essential of a high starting temperature and are therefore 
inoperative. Whether such preliminary treatment is within the 
realm of practical or industrial possibility could not, of course, 
be determined within the scope of these experiments. 

(/) The submerging of coal, it is very evident, will eliminate 
all of the elements which contribute toward the initial tem- 
peratures. As to its industrial practicability, like the condi- 
tions under e above, it can best be determined by actual 
experience. 

ig) Other processes may be suggested by the formulation of 
the principles involved. Such, for example, would be the 
distribution throughout the coal of cooling pipes through which a 
liquid would circulate having a lower temperature than the 
mass. This would serve to carry away any accumulation of 
heat and confine the oxidation to the lower stages only. On 
the contrary, the proposition sometimes made to provide cir- 
culating passages for the transmission of air currents is of ques- 
tionable value, since it may result in the contribution of more heat 
by the added accessibility of oxygen than will be carried away 
by the movement of the air. 

T. P. WiNMiLL^ states that the rate of oxidation of coal dust 
maintained at a temperature of 30°C. (86°F.) was investigated 
in the laboratory, different coals from the Barnsley seam being 
used. Oxidation of fresh coal took place during the first few 
hours, the amount absorbed being stated as proportional to the 
amount and character of the carbonaceous matter in the coal. 
This rapid reaction ceased in 48 hours, when 0.1 cc. of oxygen 
was absorbed by 100 grams of coal per hour, but it was found 
that under certain conditions the temperature of the coal might 

» Jnl. Soc. Chem. Ind., 1913, page 970. 
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2 years. Porter states that thLs difference hardly justified the 
$70,000 expenditure for the construction of the plant plus 7 
cts. per ton for hauling, but that the insurance against all risk 
of spontaneous ignition in the stock might be considered to have 
been sufficient justification in itself. The Bureau of Mines 
recently concluded a number of tests which extended over a 
period of 2 years to determine the amount of deterioration caused 
by weathering foiir different kinds of coal, the coal used for the 
tests being New River coal from the Sun mine, Fayette County, 
W . Va., known as a smokeless coal, containing about 20 per cent, 
volatile matter; Pocahontas coal, a coal similar to New River; 
Pittsburgh gas coal, which was examined in order to study its 
deterioration in gas-producing qualities, and Sheridan (Wyo.), 
sub-bituminous coal, or black lignite. The loss found in the 
New River coal after 2 years of storage varied between 1.8 per 
cent, and 0.9 per cent, for weathered coal, while that stored 
under water showed practically no loss. Pocahontas coal lost 
0.4 per cent, and Pittsburgh gas coal lost practically nothing in 
1 year's weathering. The Wyoming coal showed a loss in one 
case of 2.5 per cent, in the first 3 months and over 5 per cent, 
in weathering for 2 years and 9 months. This coal slacked badly 
on the surface, but this slacking did not penetrate more than 18 
in. There was no apparent slacking of lumps or physical de- 
terioration in the run of mine with the New River and Pocahontas 
coal, but in all cases a ^^-in. crushed coal exposed to the weather 
deteriorated in heat value more than did the run of mine, this 
deterioration being more marked in warm climates. Reports 
of other tests seem to corroborate in some degree the results 
mentioned above. At Sitka, Alaska, the U. S. Navy Department 
kept Pocahontas coal under cover for 4 years, at which time this 
coal showed a loss of 0.7 per cent., while the coal recovered from 
the wreck of the battleship Maine in Havana harbor, and which 
had been submerged for 14 years, showed a loss of only 1.9 per 
cent. The origin of this latter coal has never been established, 
but it is presumed that it was coal from the New River district, 
West Virginia. 

According to Porter, spontaneous combustion results from 
an accumulation in a combustible material of the heat produced 
by oxidation, or the heat of other chemical reactions, of fermen- 
tation, or of bacterial action. Tests have clearly shown that 
coal exposed to air is subjected to oxidation, and that some coals 
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are affected more rapidly than others in this particular, but some 
coals which during these tests showed little or no heat develop- 
ment proved in practice dangerous to store, which condition led 
to a consideration of factors other than those of oxidation, these 
factors being the effect of the physical conditions of storage on 
accumulation or dissipation of heat. A report made by a com- 
mittee of the Railway Maintenance of Way Association stated 
that in the committee's opinion the presence of dust in a coal 
pile was the prime cause of spontaneous combustion, this state- 
ment being corroborated by other authorities. A very in- 
structive instance from commercial practice is presented by the 
Calumet and Hecla Mining Company, near Haughton, Mich.; 
a stock of 100,000 tons of Pittsburgh run-of-mine coal was 
stored at the Tamarack coal dock, spontaneous fires giving con- 
tinuous trouble in this stock until some time ago, when it was 
decided to screen the coal before storing, only the lumps being 
stored, the fine coal being used immediately. Practically no 
trouble with fires has been encountered since this system was 
adopted. 

Porter states that the cause of an open coal pile becoming 
heated spontaneously after a heavy rain or alternate wetting 
and drying, is possibly due to the washing down of dust into a 
compact layer from 2 to 3 ft. below the surface where its lower 
portions start to heat and where they are insulated from cooling 
air currents. He also states that some coals are more liable 
to heat, or to undergo spontaneous ignition, than others, and that 
storage piles having a depth of more than 15 ft. are dangerous; 
also that a mixture of fine coal with a small quantity of lump 
coal affords a greater opportunity for heating, as this mixture 
allows access for a limited quantity of air. In concluding. 
Porter states that freshly mined or freshly crushed coal heats 
easily, but that if it is rehandled after a 2 months' storage, risk 
of spontaneous ignition can probably be avoided. 



CHAPTER III 

COKING AND GAS COALS 

When coal is carbonized, no matter whether the process is 
carried out in the conventional retort of a gas works, or in a by- 
product coke oven, we find that the resultant distillation is a 
vor>' complex process, as it is necessary to distill the volatile 
products at temperatures var\-ing from 250 to 2200°F. (121** 
to 1200°C.). This distillation leads to the production of volatile 
products, and the composition of these products is dependent 
not only upon the temperature within the substance being dis- 
tilled, but even to a greater extent upon the temperature of the 
region throu^ which these products are compelled to pass, 
IxH'ause the ultimate composition of the resultant is a product 
due to the distillation of many coal substances, each of these 
substances probably distilling at a different temperature, as well 
as Iving a product of the time and conditions of temperature to 
which the first products were subjected after being driven from 
their original state, or condition, in the coal. 

The time and temperature conditions, to which the substance 
to be distilled is subjected, are determined by the bulk of the 
ma;s;$ to l^ heateti and by the rate at which heat is sap|diedfrom 
without, and a study of carbonization must necessarily presup- 
pose a knowJe^ice of the various coals to be carbonised, especially 
as this relates to their vobtile pn^lucts retsultani at various 
temperatures, this knowKxig^ leading to data which readily 
influence workinc contlitions. 

When OLxa2 i> di<tilk\i, or when it is heated without the access 
of air, we finJ ihai \':ajix>n liioxiile is the first gas liberated, and 
this is given o:ff wbrt-n the coal is only gently heated, being 
followed by sa^uraicsJ parafBn hviirociirbons, these latter con- 
stitue::*s being ij^y prixiuoeni by the distillation of fs&s and 
cokiux A.\alsw Tl>e fiinher heatiruc of the hvdnocarbons at 
high teir:ptT:i';iires «iai5*« i3>eiT de>x>n:t>oisitioE, and dtte to 
this v5eix>ii:?«^<sS:k*ja wt Secure ibe well-known coi^ssituents, coal 
gas az-i <vi^ \Ai. 
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The principal diluents, or anti-calorific substances in coal are 
oxygen, nitrogen, ash, and moisture, and besides being a diluent, 
the presence of oxygen also renders ineffective a certain amount 
of carbon, hydrogen, and sulphur, thus reducing the heating 
value by rendering a certain portion of these fuel constituents 
inert. When coal is distilled, the volatile constituents are first 
driven off, and due to the fact that hydrogen is of a higher 
calorific standard than an equivalent weight of carbon, we find 
that the distribution of the oxygen between the carbon and 
the hydrogen in the volatile products has an important and 
direct bearing on the calorific value of the fuel, and available 
hydrogen has a greater value than available carbon. 

In Dulong's method of calculating the heat value of a fuel, 
the available hydrogen is reduced by an amount equivalent to 
all of the oxygen, but many fuels show a different result in 
practice, probably due to the fact that these coals distribute a 
large proportion of the oxygen content to carbon instead of to 
hydrogen. 

H. C. Porter and F. K. Ovnz^ experimented with a number 
of low grade, but highly oxygenated coals, and their results 
showed that nearly two-thirds of the oxygen appeared in the 

Table XIV. — Oxygen Relations in Volatile Matter 
(Values are percentaRes of air-dried coal) 



Per cent, of oxygen com- 
pounds in volatile matter 



Coal 



COi 



CO 



Water of 
constitu- 
tion 



Oxygen 

in CO 

and COj 



Oxygen 

in 

water 



Total 

oxygen 

in dry 

coal 



No. 16 (Pocahontas): 

400-gram tests 

10-gram tests 

No. 3 (Coimellsville) : 

400-gram tests 

10-gram tests 

No. 1 (Zeigler, 111.): 

10-gram tests 

No. 11 (Sheridan, Wyo. air- 
dried): 

400-gram tests 

10-gram tests 



0.44 


1.21 


0.1 


0.90 


1.74 


1.5 


0.72 




3.7 


1.04 


2.33 


3.5 


1.66 


4.90 


6.7 



1.01 
1 . 65 



2.08 
4.01 

10.19 



0.09 
1 . 33 

3 . 29 
3.10 



3.18 
3.18 

5.23 
5 . 23 



8.60i 6.90 7.5 

8.801 8.101 ' 11.03 



5.95 9.12 



6.67 i 16.63 
16.63 



* Bulletin 1, Bureau of Mines. The Volatile Matter of Coal. 
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volatile product in union with carbon, thus explaining to a 
great extent the difference between the determined heat value of 
the coal and that calculated by Dulong's method; Table XIV 
gives the results of some of these experiments. 

With reference to this table, Porter and Ovrrz state that 
there is a possibility of the formation of COs in slight amoimt 
from the oxygen of air in contact with the coal at the beginning 
of a test, and that on the assumption that 500 cc. of air is in 
contact with the coal, there could be formed, if all its oxygen 
entered into CO2, only 0.28 gram of CO2, or 0.07 per cent., on 
400 grams of coal. 

DuLONo's calculation of heat value from the ultimate analy^s 
assumes that all of the oxygen of the coal combines with the 
hydrogen of the coal during combustion, thereby neutralizing, 
so to speak, the calorific value of an amount of hydrogen equal 
to O -f- 8. 

Porter and Ovitz state that by 

"Combining with carbon instead of with hydrogen in the coal, the 
oxygen exercises less anticalorific influence on the efficiency of the coal, 
as 1 gram of oxygen in combining with carbon to COj neutraliifes 
Jg gram of carbon, or 3060 calorics; in combining with carbon to CO 
it partly neutralizes ?i gram of carbon, thus neutralizing ^i X 2417 = 
1813 calories; whereas 1 gram of oxygen in combining with hydrogen 
to H2O neutralizes ^ gram of hydrogen, or J^ X 34,460 = 4308 
calories. The anticalorific influence of a unit of oxygen in forming 
C()2 or CO is therefore approximately 70 per cent, or 42 per cent., 
respectively of its influence when forming water." 

The investigations of Porter and Ovitz, giyen in Bulletin 1, 
Bureau of Mines, contribute a great deal of valuable data on the 
composition of the volatile products arising from the distillation 
of various kinds of coals, and as evolved at different temperatures. 
The main features of these results point to the comparatively 
large amounts of inert constituents, such as CO2 and water in the 
products of certain western coals; the large amounts of higher 
methane hydrocarbons, such as ethane, in the products produced 
by the application of moderate temperatures, this being particu- 
larly true of the coals from the Appalachian fields; and finally the 
larger (juantities of gas and tarry vapors produced quickly at 
moderate temperatures during the distillation of the younger 
western coals. This bulletin also shows that certain bituminous 
coa "'e western fields are very well adapted to the pro- 
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from coals in which the available hydrogen is as low as 3.20 per 
cent. 

All of this evidence points to the fact that in coals possessing 
Uwfr than 79 per cent, fixed carbon in the pure coal, the H :0 
ratio, on a dry coal basLs, offers reliable data for determining 
the coking quality of the coal from the ultimate analysis, and 
that in the higher coals it i.s generally possible to produce coke 
if the quantity of carbon in the volatile matter is relatively 
large; also that most of the coals in which the H :0 ratio is high, 
but which refuse to coke, are distinguishable by their clearly 
defined calorific deficiency with reference to the carbon : oxygen 
+ ash ratio. 

White therefore concludes that "the adaptability of a coal 
t/O coking by the ordinary (bee-hive) process appears to be 
indicated with a fair degree of certainty by the ratio of the 
hydrogen to the oxygen, moisture-free basis. Practically all 
coals with H : O ratios of 59 per cent, or over seem to possess the 
quality of fusion and swelling necessary to good coking. Most 
coals with ratios down to 55 will make coke of some kind, while 
a few coals with ratios as low as 50 coke in the bee-hive oven, 
though very rarely producing a good article. The coking 
property Heems to depend, not so much on the amount of available 
hydrogcMi, which is a very imperfect index of the proportion of 
tlui elements in the volatile, as on the relative amount of hydrogen 
as compannl to that of oxygen. In those coals undergoing 
change to anthracite, the hydrogen-oxygen ratio may fail as a 
guide; the failures appear, however, to be readily distinguished 
by the marked calorific deficiencies shown by theC:(0 -1- ash) 
ratio and efficicMicy curve. The data examined, though in- 
Huf!i(^i(Mit to serve as a basis for a conclusion, seem to point 
toward the need of a relatively high carbon element in the re- 
maining volatile combustible of coals with 79 per cent, or more 
of fixed carbon (pure coal), in order to secure either the best 
coking results or the calorific efficiency indicated by the 
C':(() + :ish) ratio efficiency curve." 

As a practical test for the coking quality of coals, M. Pishel^ 
recommends that a small quantity of the coal to he tested be 
pulverized in an agate mortar until it will p:uvs through a 100- 
mesh sieve. With some coals the mortar and pestle will be 
covered with a coating of coal dust which will adhere so strongly 

* Am (las lot. Ji)iir., 11>0S. pajrr 14"). 
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creasing amount of inorganic sulphur, in order that the action 
of the organic sulphur during coking might be observed. He 
obtained this series by floating the coal in solutions of calcium 
chloride of various densities, thus fractionating by weight, the 
samples secured being given in Table XV. 



Sample 



8p. gr. 



Table XV 

I ! 

Volatile Fixed C > Ash Sulphur S in coke 



1 


1 . 323 


35.10 


59.74 


5.16 


2.06 


1.80 


2 


1.275 


35.92 


61.57 


2.51 


1.29 


1.17 


3 


1.261 


36.10 


62.27 


1.63 


1.09 


0.85 


4 


1 . 253 


37 . 47 


61.50 


1.04 


0.95 


0.78 


.5 


1.243 


37 . 75 


61.35 


0.90 


0.88 


0.68 


- 


• 


— 


- 




- 


— 



The percentage of organic sulphur was determined by finding 
the amount of iron, assuming that this was combined as FeSi, 
deducting the sulphur so found from the total and terming this 
remainder organic sulphur. 

To determine the fixed and volatile sulphOr, he first determined 
the total sulphur in the coal, and then that in the coke, the 
results obtained being given in Table XVI, this table also show- 
ing the percentage of organic and inorganic sulphur obtained as 
described above. 



Suinpl(> 



2 
3 
4 
5 





Table XVI 


Volatile a. 
per cent. 

33.49 1 


• 


Ornanir S, 
por cent. 


InoFKanic S, 
per rent. ' 

1 

02.14 


Fixed S. 
per cent. 


37 . 8() 


66.51 


56 . 09 


43.41 


42.64 ; 


57.36 


71.50 


28.44 


50.46 


49.54 


S3. 10 


16.84 


49.47 


50.46 


85 . 23 


14.77 


52 . 27 


47.73 



While the fixed and volatile sulphurs do not show the same 
regularity as do the organic and inorganic, there seems to be an 
increase in the amount of volatile sulphur in those samples 
having a high percentage of sulphur. Assuming that the only 
sulphur volatilized was the one atom in the pyrites, the per- 
centage of volatile sulphur may })c calculated, because the 
sulphur termed inorganic is assumed to be present only in the 



COKING AND GAS COALS 



47 



form of pyrites; consequently one-half of the inorganic sulphur 
should correspond with the percentage of volatile sulphur, 
providing the above assumption is true, and in case thei*e is 
no organif sulphur volatilized. The result of this calculation is 
given in Table XVII. 





Table XVII 




Sample 


One-half inorganic S 


VolatUe S 


Difference 


1 


31.07 


33.49 


2.42 


2 


21.70 


42.64 


20 . 94 


3 


14.22 


50.46 


36.24 


4 


8.42 


49.47 


41.05 


5 


7.38 


52 . 27 


44 89 


- 


- _ 







The data here given would seem to indicate that when the 
inorganic sulphur is in excess, the above supposition is ap- 
proximately true, but not otherwise, and it seems rather strange 
why this should be so unless it is due to mass action. M'Callum 
therefore concludes from his experiments that a very considerable 
portion of the organic sulphur is volatilized during the process of 
coking. , 

Hempel and Lierg* state that suitable treatment will cause 
any coal to yield a good coke. They experimented on a Busch- 
TEHRADER coal which Contained 4.9 per cent, of ash, and which 
yielded a coke which could \)e readily crumbled between the 
fingers, but when mixed in the following part by weight: coal, 
120; coke from the same coal, 18; clay, 4.8; commercial coal-tar 
pitch, 8, the latter being dissolved in 18 parts of tar from the coal 
in question, the mixture, when heated in a crucible, yielded a 
coke which had a crushing strength of 5600 lb. p(»r square inch, 
and which contained but 10 per cent, of ash; their experiments 
also showed that the best cokes, obtained in the ordinary way, 
had a crushing strength of from 2050 to 2600 lb. por square 
inch. The conclusion reached bv Hempel and Lierg is that 
the quality of coke can be greatly improved by adding clay, 
tar, and pitch to the coal. 

The United States Steel Corporation* has had a varied 
experience in the use of high or low volatile coals, alone or in a 



^London Jol. of Ga8 Ltg., 1911, page 822. 

* C. A. MEI88NEB, Chairman, Coke Coiiiriiittec. 
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Weight Per cent. 

Coke 1300 lb. = 72.9 

Coal tar, 13 gal 130 lb. = 7.1 

Ammonia (NH,) 5 lb. = 0.3 

Gas, 10,000 cu. ft 350 lb. = 19.7 

Total 1785 lb. 100.0 

the 1300 lb. of coke being 65 per cent, of the 2000 lb. of coal 
charged. 

Using average selling prices, these commercial products have 
a value of: 

Value Per cent. 

1300 lb. of «oke at $4.00 per ton $2.60 19.4 

13 gal. of tar at 3 cts 0.39 2.9 

5 lb. of ammonia (NHa) at 8 cts 0.40 3.0 

10,000 cu. ft. of gas at $1.00 10.00 74.7 

Total $13.39 100.0 

With this production, and with the values given, the value of 
the gas to the coke will be approximately as 4 is to I, and the 
value ratio of tar to ammonia is approximately 1, these ratios 
of course varying with the local market prices of the products. 

It is impossible to tell what the quality of either gas or coke 
will be when produced by a coal the proximate analysis of 
which only is known, as to arrive at any definite conclusion 
requires an actual carbonization test, and this should be car- 
ried out under actual operating conditions. The various coals 
used also show quite some variations in the production of the 
other residuals besides coke, and this quite independently of the 
temperature of carbonization. 

The Bureau of Mines ^ has been engaged for some time in 
determining what coals are available for the manufacture of 
illuminating gas, the object being to locate coals which are 
cheaper than the Pennsylvania coals usually used, as there are 
but a few well-developed coal fields in this country capable of 
furnishing a coal which will satisfy all of the requirements of 
the manufacture of illuminating gas; the Bureau's investigations 
were carried on at the testing station established by the Michigan 
Gas Association at Ann Arbor, and were under the direct super- 
vision of Prof. Alfred H. Wiiitb, of the University of Michigan. 

* Bureau of Minos, Bulletin 0, Coals Available for the Manufacture of 
Illuminating Gas. 
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The coals tested were from eleven different localities, as follows: 
Table XVIII. — Sources op Coal Tested at Ann Arbor 



No. 


Bed 


Locality 




1 Railroad 

i 


1 


No. 2 or lower. . , 
Saginaw 


Hanna, Carbon County, Wyo 


Union Pacific. 


2 


Saginaw, Saginaw Co., Mich 

Oak Creek, Houtt Co., Colo 

Harrisburg, Saline Co., Ill 

La FoUctte, Campbell County, Tenn.. 
Scott Haven, Allegheny County, Pa... 

Hellier, Pike County, Ky 

Van Houten, Colfax County, N. Mex. 

Blockton, Bibb County, Ala 

Page, Fayette County, W. Va 

Sopris. Las Animas Co.. Colo 


Michigan Central. 


3 


Yampa 


Denver. Northwestern and 


4 


No. 5 


Pacific. 
Big Four. 


5 


Rex 


Louisville and Nashville. 


6 

7 
8 


Pittaburgh 

Upper Elkhorn... 
Raton 


Pittsburgh and Lake Erie. 
Chesapeake and Ohio 
Santa Fe. 


9 
10 
11 


Thompson 

Kanawha. No. 2. 
Sopris 


Mobile and Ohio. 

Virginian. 

Colorado and Southern. 



While comprehensive tests were made on these coals, the result 
of this work is to be considered only a progress report, and the 
results are to be taken as tentative and suggestive, and not in any 
way final; this is due to the fact that any given coal which will 
produce good results in one gas works, may prove very unsatis- 
factory in another, owing to prevailing conditions at the latter, 
therefore it should not be expected that the statements issuing 
from a testing station would be final as to the value of a given 
coal. 

The report states that 

*'Gas coals should be tested in the retort at both high and low tem- 
peratures, and the tests should be repeated until it is fairly certain that 
no serious error has been made; but since a long time is required for a 
complete study of a number of coals, it has seemed wise to present the 
data collected on these eleven coals." 

The authors state that after studying the results they feel 
that while these results suggest some interesting deductions, 

"The only conclusion which seems to apply to all coals well enough 
to warrant presentation is that relating to the percentage yield of coke." 

The percentage of coke yield is not mainly dependent on retort 
temperature, as in all cases the retort is sufficiently hot to drive 
ofif the volatile matter contained in the coal and besides this, 
the secondary changes of the products of distillation at high 
temperatures in the retorts do not affect the yield of coke to 
any appreciable degree. 
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The expected coke yield was taken as being roughly propor- 
tionate to the ratio of total fixed carbon to the volatile constituent 
of the coal, and from calculations based on 

Fixed carbon + ash 

Moisture + volatile matter 

the coal was given rank as shown in Table XIX; an examination 
of the table shows that the computed ratio as per the above agrees 
closely with the actual percentage of coke produced, an error in 
one of two tests with coal from New Mexico being possibly 
responsible for the difference shown with this coal. 

Table XIX. — Coke Yield op Coals Tested 



Rank of coal 



Fixed carbon -f ash 
Moisture + volatile matter 



Percentage of coke 
from ooal as charged 



1. Wyoming 

2. Michigan 

3. Oak Creek, Colo 

4. Illinois 

5. Tennessee 

6. Pennsylvania . . . 

7. Kentucky 

8 New Mexico 

9. Alabama 

10. West Virginia . . . 

11. Sopris, Colo 



0.82 
1.43 
1.53 
1.55 
1.58 
1.82 
1.88 
1.93 
2.04 
2.21 
2.90 



50.2 
59.5 
60.0 
62.3 
66.8 
67.0 
67.0 
68.9 
68.3 
73 3 
74.9 



I 

The average results secured on tests with the Pittsburgh coal 
were: 

Coke, per cent, of coal charged 67 . 07 

Gas, per pound of coal charged (cubic feet) 5 . 04 

Candle power, approximate average 15.50 

* Candle feet per pound of coal 79 . 50 

Heating value per cubic foot (B.t.u.) 641 .00 

Heating value per pound of coal (B.t.u.) 3280.00 

Gas analysis (per cent.) : 

Carbon dioxide 1 . 30 

Uluminants 3 . 70 

Oxygen 0.80 

Carbon monoxide 6 . 50 

Methane 34.40 

Hydrogen 48.20 

Nitrogen 5 . 00 

Ammonia (NHj) per ton of coal charged (pound) ... 5 . 43 

Tar per ton of coal charged (pounds) 155 . 80 
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Table XX. — Coal ab Charged 



AlfttMima 

Oak Creek 

Hanuburg, III.. 

HelLer 

HelUer 

Saginaw 

Van Houten 

Van Houten 

Scott Haven 

Scott Haven 

Scotl Haven 

Scott Haven 

UFollette 

P*«e 

Page 

Wyoming 



2.71 
7.17 
1.70 
4.06 
2.46 
3.17 
9.28 
2.23 
2.32 
1.92 
2.18 
2.05 
2.43 
3.13 



34.44 
31.18 
32.40 
31.67 
31.42 
32.18 
32. S2 
32.96 
33.25. 
32.70 
34. S 



60.11 
60,67 
53,70 
51,26 
56.56 
58.85 
57.33 
58 C 



2.15 
5.57 
6.83 
5.81 



0.50 
1.00 
0.67 
1.06 
0.43 
0.45 
0,98 
67 
0,70 
1.12 
1.43 
1.4S 
0.85 
0.72 



10,953 
12,312 
12,919 
13,885 
14,200 
12,456 
12,438 
13,385 
14,026 
13,815 
13,955 
14,036 
14,245 
14,631 
14.344 
9,592 



Table XXI.— Dry Coal 





Cklc^uUt^d prtnimato 




Vd»- Fi>«l 

m»tter b™ 


j 
■^»>' ph 




mU 




36 

34 

82 
33 

33 

36 

29 


86' 




ailj 


SS™ -■: 


^i; 




461 


Siduir 


ei'l 






Vu Houten 


96'! 




4S| 


8^tt.v„ 


W; 




Mj! 




12' < 


PW 













Ultlmats SDalrHa' 



1S72.S3<1. 

i97a,2i|i.43 : 

II 79.73 1 



« 73.681. 
I4 79.D01. 



2.4S1.42 4.9&0.S3 I 
isles. 80 1. 



■ Tbc ultimate anaEysM ate tnoatly of the mine aampln, snc) hrniri 
ofltat nmpln, tapKistly in tbe peioeaUsea of aah. The composiliaD 
■wliire tsd uh probably dot* not diSer muoti. 
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Table XXII. — Composition of Coals 



Calculated proximate 
composition 



Calculated ultimate composition 



Coal bed 



Volatile Fixed 
matter carbon 



Alabama. . . . 
Oak Creek.. 

Sopris 

Harriaburg. . 

Hcllier 

HelUer 

Saginaw 

Van Houtcn. 
Van Houtcn. 
Scott Haven. 
Scott Haven. 
Scott Haven. 
Scott Haven. 
La Follette. . 

Pago 

Page 

Wyoming. . . 



31.32 

41.34 

28.81 I 

39.07 

34.16 j 

34.81 I 

37.10 

38.01 I 

36.27 j 

35.80 

36.51 

36.42 

35.27 

36.94 

32.91 

31.57 

45.04 



08.68; 

58.66 

70.19! 

60.93 

65.84 

65.19 

62.90 

61.99 

63.73 

64.20 

a^.49 

63.58 

64.73 

63.06 

67.09 

68.43 

54.96 



Sul- 
phur 



0.53 
1.28 
0.71 
2.23 
0.47 
0.48 
1.15 
0.82 
0.79 
1.22 
1.58 
1.63 
0.92 
0.76 
1.64 
1.29 
0.50 



, Heat 
— value, 
B.t.u. 



Hydro- 
gen 



15.043 

13.991; 

15.358 

14,656 

15.210 

15.257 

14.591 

15,046 

15.082 

15.302 

15.300 

15.289 

15,192 

15.039 

15.601 

15.610 

13,390 



5.58 
5.14 
5.24 
5.30 
5.32 



5.56 
5.^ 



Car- 


Nitro- 


Oxy- 


Sul- 


bon gen 


gen 


phur 


83.92 1.29 


8.66 


0.66 


77.65 


1.76 


13.72 


1.74 


85.18 


1.25 


7.66 


0.77 


82.63 


>.55 


8.00 


1.02 


84.76 


*1.30 


8.05 


0.68 



81.91 
84.43 



1.46 
1.47 



0.64 
6.88 



5.61 I 84.51 1.48 I 7.18 1.22 




1.16 



18.93 



1 
1 



63 
40 



5 


27 


82 


3o' 


1 


.76 


8 


74 


• • 

1 


* • • • 

.03 


5 


37 


87 


03, 


1 


.50 


6 


22 





.88 



0.46 



Table XXIII. — Retort Operation, Coal and Coke 

_. _ _ _ j 

Coal : Coke 



Coal bed 



Alabama 

Oak Creek . . . 

Sopritf 

Harrisburg. . . 

Hcllier 

Hellier 

Saginaw 

Van Houtcn.. 
Van Houtcn.. 
Scott Haven ] 
Scott Haven 
Scott Haven j 
Scott Haven 
La FoUctte.. 

Page 

Page 

Wyoming. . . 



Per cent, 
rejected 
by '"^i-in. 

bar 
screen 



Screened, 

as charged 

(lb.) 



Charged Ch,«'«„«3. 

nu \ moisture 
^^°-' , free (lb.) 



23.40 

39.50 

13.83 

27.90 

30.801 

48.50 

9.70 
11.95 
21.90 
Screened 

at 
mine 
17.40 

8.37 
63 . 27 
70.00 
10.40 



I 



400 
400 
410 
400 
360 
400 
400 
398 
400 
404 
400 
400 
400 
400 
400 
400 
400 



389 
371 
403 
381 
351 
388 
363 
389 
391 
396 
391 
392 
390 
387 
395 
394 
309 



372 
313 
329 
353 
329 
372 
341 
329 
355 
320 
370 
365 
370 
379 
372 
308 
280 



I I^ry (per 
Yield cent, of 
(lb.) I coal 

I charged) 



273 
240 
307 
249 
250 
258 
238 
270 
2S0 
271 
270 
259 
274 
267 
302 
2F.5 
201 



68.3 
60.0 
74.9 
62.3 
69.4 
64.5 
59.5 
67.8 
70.0 
67.1 
67.5 
64.8 
08.5 
00.8 
75.5 
71.2 
50.2 



Dry (per 
cent, of 
dry coal 



Per cent, 
of breeae 
through 



hirged);'^-*"*^ 
* '■ screen 



70.2 
64.6 
76.0 
65.4 
71.3 
66.6 
66.6 
69.4 
71.0 
68.6 
69.0 
66.1 
70.3 
09.0 
76.5 
72.4 
64.9 



12.6 

37.3 

10.0 

6.7 

9.1 
17.0 
13.1 
11.7 

6.0 



7.6 

7.6 

10.0 

7.6 

88.4 



1 A H'in- bar screen was used in this test. 
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Table XXIV. — Yield, Heating Value, and Candle Power of the Gas 



Coal bed 



Yield of sas per pound Calcu- 

of coal lated aver- 

(cu. ft.) age heat- V*rT 

! ing value »»ted 
, (B.t.u.) , aver- 
I ! age. 



Coal 

as 

charged 



I 



Coal, 
Dry aah and 
coal moisture 

free 



I- ■ 



Gross Net 



Alabama 


5.2 


Oak Creek. . . . 


4.8 


Sopris 


4.9 


Harrisburg. . . 


4.3 


Hellier 


4.8 


Hellier 


6.0 


Saginaw 


4.3 


Van Houten... 


4.5 


Van Houten... 


4.9 


Scott Haven. . 


4.8 


Scott Haven.. 


4.9 


Scott Haven. . 


5.3 


Scott Haven.. 


5.1 


La Follette. . . 


5.5 


Pace 


5.2 


Page 


5.0 


Wyoming .... 


5.4 



5.3 
5.2 
5.0 
4.6 
4.9 
5.2 
4.7 
4.7 
5.0 
4.9 
5.0 
5.4 
5.3 
5.7 
5.3 
5.1 
7.0 



5.6 
6.1 
6.1 
4.9 
5.3 
5.4 
5.0 
5.5 
5.5 
6.1 
5 3 
5.8 
5.6 
5.8 
5.6 
5.4 
7.5 



I 



598 
626 
614 
632 
650 
622 
593 
674 
682 



538 
566 
550 
668j 
578; 
561 ; 
526; 
606 
618: 



14.0 
14.0 
12.0 
15.2 
14.5 
14.1 
17^4 
16.5 
16.8 



Calculated average gas analysis 
(per cent.) 



I 



candle 
power cOi 



Cn- 
Hin 



I 



Oi CO CH« Hi' Nt 



I 



2.7 
4.4 
1.3; 
2.5; 

1.6| 
1.9' 
2.9 

2.0; 

2.1 



3.7 1 
5.30 
4.20. 

70. 

3 1. 

,ijo. 
3;o. 

90. 



3. 
4. 

4 

5, 

5. 



6.10 



8.931 
11.329 
6.0 29 
7.9 33 
0.433 
7.0I29 
9.2I34 
8.2 34 
8.2 35 



249.i;3.4 
8J43.9I4.5 
555.82.3 
545.6|6.0 
1 60.3|3.2 
451.3,5.6 
1 43.l!4.7 
845.92.4 
545.7 1.8 



649 


593 15.2 


1.2| 4.4 1.1 6.637.942.26.0 


611 


550, 16.0 


1.1 3.00.8 6.531.8|51.65.2 


664 


603 


15.4 


1.7 


3.80.5 


6.533.650.73.2 


641 


575 


15.9 


2.0 


5.00.9 


8.231.249.1 3.6 


617 


555 15.8 


1.3 


3.8:0.9 


4.9 32.9 56.6 2.6 


622 


557. 16.1 


1.2': 3.3 0.6 


5.032.655.1 1.8 


564 


502 


8.8 


7.6 


4.90.2 14.4 29.040.23.7 

1 1 1 



Table XXV. — Yield of Tar, Ammonia, Sulphur and Naphthalene 



Coal bed 



Alabama 

Oak Creek. . . 

Sopris 

Harriflburg. . . 

Hellier 

HelUer 

Saginaw 

Van Houtefi.. 
Van Houten.. 
Scott Haven.. 
Scott Haven.. 
Scott Haven.. 
Scott Haven.. 
La Follette. . . 

Page 

Page 

Wyoming 



1 



Tar per ton of coal 
(sal.) 



Ammonia (NHs^ per 
ton of roal (lb.) 



' Coal i 

as 
charged, 



Dry 
coal 



Coal, 
ash and 
moisture 

free 



Coal : 
as 
charged, 



Dry 
coal 



I 



19.2 


19.7 


15.6 


16.8 


14.2 


14.5 


17.2 


18.1 


10.8 


11.1 


18.8 


19.5 


16.5 


18.2 



16.8 
21.8 



17.2 
22.3 



20.6 
19.9 
17.7 
19.5 
11.8 
20.2 
19.3 
20.3 
24.5 



4.03 
7.60 
4.36 
6.38 
4.01 
3.48 
6.40 
4.97 
4.32 



4.15 
8.20 
4.43 
6.70 
4.12 
3.61 
7.05 
5.09 
4.42 



Coal, 
ash and 
moisture 

free 



4.33 
9.60 
5.43 
7.20 
4.39 
4.25 
7.50 
6.02 
4.82 



HiS per 

100 cu. ft. 

of gas at 

outlet of 

scrubber 

(gr.) 



Total naph- 
thalene 

per ton of 

coal as 

charged 

(lb.) 



10.7 : 10.9 11.8 



21.1 
22.0 
20.1 
14.6 
14.4 



21.6 
22.7 
20.4 
14.8 
18.6 



22.8 
23.2 
21.7 
15.9 
20.1 



5.80 


5.93 


5.18 


5.28 


5.33 


5.40 


7.39 


7.63 


5.19 


5.26 


4.37 


4.43 


3.77 


4.88 



6.43 
5.67 
5.75 
7.81 
57 
75 
28 



1390 



823 
3750 



830 
296 



1660 



10.7 



4.5 



5.7 
5.5 



8.0 



11.4 
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period than large or lump coal, consequently with the latt 
the gas is quickly liberated and is therefore better, as it is su 
jected to decomposition to a lesser extent; besides this, the g 
yield from very finely broken coal, even though it be thorough 
carbonized, is less than the yield from large coal. 

Burgess and Wheeler^ made an examination of coals f 
volatile constituents, and their preliminary tests showed that 
all coals there is a well-defined decomposition point which li 
between 700** and 800°C. (1292** and 1472°F.), this conditic 
corresponding with a marked increase in the quantity of hydrogc 
evolved. In carbonizing bituminous coals, the increase in tl 
quantity of hydrogen evolved decreases at temperatures aboi 
900°C. (1652°F.), but with anthracite there is no decrease up 1 
1 100**C. (201 2°F.). The evolution of hydrocarbons of the para 
fine series practically ceases entirely above 700°C. (1292**F 
while ethane, propane and butane, and probably other high 
members of the paraffine series form a large percentage of tl 
gases evolved below 450°C. (842°F.). 

These investigators further state that as a rule the analysis < 
coal gases as evolved at the different stages of carbonization da 
not admit of complete differentiation between influence of tin 
and temperature, because the gases obtained from coal at any oi 
time are secured at different temperatures; therefore, Burgei 
and Wheeler, in their experiments, employed charges of 2 gran 
of finely powdered coal, since with such small quantities no grei 
interval of time elapses before the entire mass attains the ten 
perature of the retort. These investigations lead to the furth< 
statement that coal appears to contain two types of compour 
of different degrees of ease of decomposition, the more unstab 
compound yielding the paraffines, while that which is decompose 
with greater difficulty yields hydrogen only, or possibly hydrogc 
and the oxides of carbon, this view being confirmed by a fraction 
distillation of the samples in a vacuum. Prolonged exhaustic 
at a low temperature admits of the complete removal of the para 
fine-yielding constituents, while a compound remains whic! 
on decomposition at a high temperature, yields hydrogen; ther 
fore the difference between one coal and another may very probabl 
be determined by the proportion of these two types of compoum 
in the coal. The variation in the amount of carbon monoxic 
evolved during carbonization is probably due to the decompoa 

* London Journal of Gas Lighting, 1911, page 667, 
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$houl<l not rxcood 3 niinutcB; usually from 0.2 to 0.4 per eent, 
1^ tht< snniplf, in the shape of coarse particles, remaina on the 
sit^w, aiitl a» thvm particles are very apt to consist to a large 
t'xtent tif anh-forniinR Bubstancoa, they are reduced to OO-meah 
w) a hiiokiufc Iwunl and then added to that portion which passed 
thntufili the »ifvp. 

TIlia Muuplo iw now thoroiighly mixed before portioDs are 
wvigliw) for tlio various analytical determinations, the botUe 
ront tuning the sample being 
placed on the periphery of the 
iiuxing wheel, Fig. 2, and rotat- 
n) for about 20 minutes. The 
sampling wheel has a diameter 
of 30 in., revolving twenty-five 
tinifQ per nunute, the periphery 
K-iug provided with spring clips 
which hold the sample bottles 
St an angle of 43 d^^rees with 
the axif. These bottles should 
not tv filled to more than one- 
half iht^ir rapacity, and rotation 
of the wheol should be slow 
tVi, •.' Xiiv.Hs wlirtl, onoxijih lo ensure a thorough 

mi\i:^ of the sample, as too , 
iiHSoh s;y\sl nxRht pixsh^v ivntriftipd aotion which would pre- 

I;" :!v '»K>r»;or> sa;«}iii' is !.» Iv ;>T*-TO:vii without preliminary 
*;>>;r> iu.1, 1 V .vvV.. ;; ^^v^rs^■^ ihsr. '• * ir... U ars: passed throu^ 
ji ,-r-.;sli<^i ;»;■..; i>?;--v, :hr\>»(j;h j» n\"., :h";s stv.:nnc a 2l>-mesbfiDe- 
:^-ws. V.-.'-.-.'-iN^si^^ st'.or slie iWt^ ;s :wt^\Tf\i ::wm ihe 3&-ineah 
;%<" A fy- :.' hX^i^v-.v. '.v-.r'.U';'. is *,a5.v"- :\"r T'rio ^k-i^fmination of 
v,\A. •.-■.;.>: •.;?(• .-i'-.. .> : rar.s!VrT>v, :o « r.z'rSfr-^TiX'jtered 4-oz. 
K--::-,- >■;• :',-.■,-„■.;•.>.■.■; T .-c '.hi- s*;:-.'.v,- '.>f--.v^ ■^■.•v".x;crJ!y suxed and 
•.X-'. v.vui.ivvi^ •.■w.s>ii\-, :hT>.N;:*h * zi^- sur.-.-.v^r -.;r:£ it b re- 
.•■-■.w, ■;.■ aX^,,; '.V jfv.-.-.N '."^.'ss l.V^rx;" Tv-nicc is now 
4C -v.., ■■,■ :,■ :4i- .-.';-%:. s.-.-; :> v.>!'w:v< ,-; a ',^.A-.\--:A.-n -^isi r'.ilveTiier, 
«-..? ....v.\ .■,.'.■. ,:-i\ -.v..s>o.-. » :r A ---S.--»-v-.-.V{r v- iS>m 60 
«.- -..x ; .^ ;; ,- ;,v.-.M. :vv.-,4t .w.-fv: -'^ * v :,- ■ iv'^iv-. *r>i daieil 
■■- :-x--* .i.i.v.-A, «-,.: :*.•. '^" ■'^>,' ">.-..■> .■--;■ ^ .^^^cciiaed at 
■-,!>■'/ ■;"-.';" w ; .-*■•'... .vv- M ,■«. .■; V s,"---,v^. sfcTT-riie simJ 
>*-i.ri .v.- i.ur-.i I': .1-H.-..J. ;\-...-,-s: sfc-v.-.v; ? •; i^j^ysas if the 
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60-mesh coal, which has become partly air-dried during sampling, 
is calculated to the dry basis by dividing each result by 1 minus 
its content of moisture. The analysis of the coal "as received" 
is computed from the "dry coal" analysis by multiplying by 
1 minus the total moisture found in the 20-mesh sample. 

As regards these two methods of sampling, it is claimed that 
the first method is preferable for preparing such laboratory 
samples as are intended for very accurate analyses, and that the 
loss of moisture which is unavoidable during sampling is less 
than by the second method, this being especially so in the case 
of wet or freshly mined coal samples, because such samples 
rapidly lose moisture on exposure to air. It is recommended 
that air-drying be not unnecessarily prolonged as if this should 
be the case an appreciable loss in heating value will take place 
through oxidation. 

The second method permits of handling a large number of 
samples in a short time, but the moisture thus obtained is usually 
somewhat less than that obtained by the first method. In 
coals which have lost a portion of their moisture content by ex- 
posure to the atmosphere, as is usually the case with commercial 
shipments, this difference need not exceed 0.5 per cent. Samples 
which are received in a wet condition must be partly air-dried. 
It is also stated that the disk pulverizer is not adapted to the fine 
grindmg of anthracite, as the coal is heated by the rubbing sur- 
faces to a degree that may possibly change the composition of 
the sample. 

Method of Calculating and Reporting Analyses. — As all the 
analytical determinations are made on the air-dried sample, 
the analysis of the coal as received at the laboratory is calculated 
from the analysis of the air-dried coal in the following manner: 

Calculations from Analysis of "Air-dried" Coal to Coal 

"As Received" , 

(100 - air-drying lossM . • j • , , 

Mowture^ X plus air-drving loss* = 

100 1- . 6 

moisture* "as received" (1) 
(100 — air-drying loss) 

100 

volatile matter **as received" (2) 



Volatile matter X 



_. - , (100 — air-drving loss) 

Fixed carbon X * = 

100 

fibced carbon "as received" (3) 
' All figures expressed in per cent. 
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n 00 — air-dry inR loss) , ,, . ,.. 

Atf* / = ash as received (4) 

100 ^ ' 

^. . . (100 — air-drying loss) , , 

i$filf>nur X — -— = sulphur "as received" (5) 

lUU 

If I ^ ^^^ - air-dryin g loss) ,,..,. , 
Hydrogen X ttt \- yi air-drying loss =* 

hydrogen "as received" (6) 

,. , (100 — air-drving loss) 

CiirTwn X -z~ = carbon "as received" (7) 

(100 — air-drying loss) 
Nitrogen X -— = nitrogen "as received (8) 

(100 — air-drving loss) «• • , . 
^>xygen X r ~r + % air-dr>'ing loss = 

lUU 

oxygen "as received" (9) 

^, , . (100 — air-drving loss) , . . , 

c'ftlorioH X - - TTTT = calories "as received" (10) 

lUvl 

A Htatcmcnt of analysis is referred to a moisture-free basis by 
calculation from the "air dry" or "as received" analysis in the 
following manner: 

(-ALrULATION FROM "AiR-DRY" OR "As RECEIVED" ANALYSIS TO 

"Dry Coal" 

100 

Volatilr niattor X ■ r : = volatile matter in "dry coal" (11) 

100 — moisture 

100 
l''lx«'(l carbon X _, - - - - = fixed carbon in "dry coal" (12) 

1(X) — moisture 

100 
A»h X , . == ash in "dr>' coal" (13) 

KM) - iiioiHturc 

l(K) 
Kulphur / = sulphur in "dr>- coal" (14) 

KM) - tiioisturc 

100 

'MvMMi|£i«ti 1^1 tnoJHturr) X t ~ — 

100 — moisture 

hydrogen in "dry coal" (15) 

KM) 
' iiibMii • = rarlKm m "dr\' coal (16) 

KM) iruMHttiro 

KM) 
■^Hi'yrii ^ - = nitrogen in "dr>' coal" (17) 

KM) iiinJHtun^ 
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100 

(Oxygen — % moisture) X —- : = oxygen in "dry coal" (18) 

100 — moisture 

^ 100 

Calories X -— : = calories in *'dr>' coal" (19) 

100 — moisture 

For making comparisons, coal analyses are sometimes referred 
to "a moisture- and ash-free" basis, by calculation from the 
*' air-dry," "as received," or "moisture-free" analyses, in the 
following manner: 

Calculation from "Air-dry," *'Afi Received," or "Moisture- 
free" Analysis to "Moisture- and Ash-free" Basis 

Volatile matter X 



100 — (moisture -|- ash) 
volatile matter referred to "moisture- and ash-free" basis (20) 



T^ ., t. 100 

Fixed carbon X 



100 — (moisture -f- ash) 
fixed carbon referred to "moisture- and ash-free" basis (21) 

100 

Sulphur X = 

100 — (moisture -\- ash) 

sulphur referred to "moisture- and ash-free" basis (22) 

100 
(Hydrogen — ^ moisture) X 



100 — (moisture -\- ash) 
hydrogen referred to "moisture- and ash-free" basis (23) 



Carbon X 



100 — (moisture -f ash) 

carbon referred to "moisture- and ash-free" basis (24) 

100 

Nitrogen X -rr ; — : Tv ^ 

100 — (moisture -f ash) 

nitrogen referred to "moisture- and ash-free" basis (26) 

100 
(Oxygen — % moisture) X 



100 — (moisture -h ash) 
oxygen referred to "moisture- and ash-free " basis (26) 



o I 100 

Calories X 



100 -- (moisture -h ash) 

calories referred to "moisture- and ash-free" basis (27) 

Note. — Calorific values expressed in calories are converted to 
calorific values expressed in British thermal units by multiplying 
the former by 1.8. 

The industrial demand for a laboratory test which would give 
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,. . .•oini>ounds in the coal, or in the 

. .iliifh compounds might aflfect the 

- t'S[Kmsil)le for the so-called '•proxi- 

\4jn:ito analysis these compounds are 

•iioisturo; second, mineral impurities 

i gallic or combustible matter, approxi- 

A- volatile matter and fixed carbon. 

v.^ 'ho composition of a coal is expressed 

-.;iplutr, carbon, hydrogen, nitrogen, and 

V -V- vonstituents being e(]ual to 100 ix?r cent. 

MKTHOD OF ANALYSIS 

. ;iv»i>iua» in coal Cv>nsists of extraneous mois- 

\wrn:d sources: and of inherent moisture, the 

Mo pnuluots of the original vegetable matter 

.\i! was dorivovl. 

\ .;»jn\ s:unplo of the tk>-mosh coal is place*! in 

^ :i by l»'^j-in. jH^roolain oapsule. Fie. 3. the 

N. . \\\'i»;hi of :ho l:»::or V-^^ir.c kr*^'wn. and then 

... .vl !\*r 1 Jiov.r a: a -.oir.ivr.sTuro of 10o"C'. 

'' r^ r.; :5*.o A^v.>:civ.:-:o:v.:vr.j :".:>:• r-vor.. shown 

I »* »■•-• •• . 

. « • il .............. \ V > \ . . . .«». '.^. .*. .. . . .•. .* k •-• k tri >lll— 

..* .-x'^^ x". '"'v* x'\ .*•*..:'*«:>. -t .-^" .*. ". -::■.': rii.-t^ A ■iouble- 
..X *': Av*:v .\v<\- ::: ;*v ;* i. -;•>. a :. ".ir't? wall. 

----- I 

■ !>• .■..■.» •■ •• \ ....— ■,.-■•• ~ "■ .,* — . — " •• •& ^"^ill^ 

■--""" "^^ ' - r ■ 

.... ,■ w w .■ '.v ■ ."". • . . — .* r.' 

. .■* . .'N.N- ...-.-• --.^ :von 

. . \ . .■ * \*x .\ '♦ ■ ". >;■ r r . r Tr.o 

. ■ » V * * -^ ^ ...'»' ■"•".■. Ar. .» 
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Volatne Matter. — Volatile matter and fixeil carbon apjmvxH 
mately represent the relative proportions of In^th the iSHstxnw 
aod solid combustible matters which are obtaintHt by heating 
coal in a closed vessel, the principal constituentj^ of the volatile 
matter being such combustible gases as hydn>gtni» oarlnni 
monoxide, methane, and other hydrocarlx^ns jis 
well as some non-combustible gases such as carlnni 
dioxide and water vapor. Water which can be n*- 
moved from the coal at a temperature of 10r)*'(\ 
(221**F.) is not included under volatile matter. 

A 1-gram sample of the 60-mesh coal is wciglunl Kit*. iV • 
into a bright, well-burnished, 10-gram (lO-cc.) plati- ^VnVoiMo!""' 
num crucible, provided with a close-fitting capsulo 
cover, Fig. 6. This crucible and its contents is placed tipon a 
platinum or nichrome triangle and heatcMl to a tiMnpc^raturc of 
950°C. (1742°F.) for 7 minutes in the full flaino of a No. l\ 
Meker burner, the gas orifice of this humor h<»ing adjtiHtful 
to give a free burning flame from 16 to 18 cm. ((l*.i to 7 in.) 
high. The crucible should be so placed in ih(« triangle that 








Ia-4. 


O 




¥i€i. 7. — CnifWA* rUiiiittt'y. 

its bottom is 2 cm. ^Ji in,) aUn-^; tlKr top of th^; biirri#?r. It 
is necessary to protect the crucibU; from draft*., and a Jih^r^'t iron 
chimney, constructed wi shown in Fig, 7, in iftov'uU'A for tfiiH 
purpose. 

The maximum temperature? <thould U; 5^V/''^^ ^f742''F,y and 
this temperature L« iufri%f'.nT*rf\ by a tit^mn^f^^ouffU: i^h^/^r Ufff, 
junction is buried in t^*^- f^f^l au^i if* roftf^< wif h rh/r i/»#«/J/' sur- 
face of the bottom of tb^ enimokr, Afvrr tt«^ ^/d h«« ^^^s^* 
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heated for exactly 7 minutes, the crucible is cooled and weighed, 
the loss in weight minus the weight of moisture determined at 
lOS'^, (221''F.) times 100 I>eing the percentage of volatile matter. 
Lignites and coals which are high in moisture content must be 
heated at a low temperature until all of the moisture has been 
expelled in order to avoid mechanical losses due to material which 
may be thrown out of the crucible by the rapid escape of steam 



and volatile matter.* This preliminary heating occupies from 
4 to 6 minutes, after which the 7-minute heating in the full flame 
is applied. 

It must be remembered that the volatile matter does not 
reproHcnt any definite compound in the coal; the above-described 
method of determination is entirely conventional, and any varia- 
tion in the temperature or rate of heating will change the amount 
of volatile matter determined, this being graphically shown by 
the curves in Diagram II, which represent the amount of volatile 
I Bull. 2S, Bureau of Mines, by N. \V. Lord. 



ANALYZING COAL 71 

matter obtained by heating a number of portions of a single 
sample of coal at various temperatures between 750°C. (1382°F.) 
and 1 100°C. (2012'*F.) \ This variation in temperatures with the 
consequent difference in volatile matter is quite likely to occur in 
such laboratories where different kinds of gas are used or where 
different gas pressures prevail, as* shown by the experiments of 
FiBLDNER and Davis.' Coal gas or water gas may be used to 
produce a crucible temperature of 950°C. (1742®F.) when sup- 
plied to the burner at a pressure of about 2 in. of water, but a 
change in pressure will cause a fluctuation in temperature. The 
use of natural gas requires a larger proportion of air for its com- 
plete combustion, and it should therefore be supplied at a pres- 
sure of not less than 10 in. of water to a good natural gas burner 
of the Meker type, the burner being supplied with an ample 
quantity of air, otherwise the crucible temperature will be less 
than 950°C. (1742°F.). The use of the Merer burner is recom- 
mended by the Bureau of Mines in place of the Bunsen burner 
owing to its superiority over the latter, especially for natural gas. 
The construction of the Meker burner practically eliminates 
the fluctuating inner cone of the ordinary Bunsen flame, and thus 
produces a solid flame of fairly uniform temperature, this flame 
completely enveloping the bottom and sides of the crucible. 

The maintenance of a crucible temperature of 950°C. (1742°F.) 
is the essential consideration in the determination of volatile 
matter; heating the crucible in a burner flame has the advantage 
of surrounding the crucible with flame, and practically avoiding 
the access of oxygen to the sample during determination, thus re- 
ducing the oxidation; but conversely, the flame temperature is 
difficult to control, as variations in the pressure and volume of the 
gas cause fluctuations in the temperature. If the gas pressure 
is subject to fluctuation, and a steady electric current is available, 
an electric furnace will afford the most uniform means of heating 
the sample, the additional oxidation due to the lack of flame pro- 
tection being only about 0.1 per cent., provided a 10-cc. platinum 
crucible with a close-fitting capsule cover is used.' 

The electric furnace used by the Bureau of Mines is of the 

^FiELDNER and Hall, Proc. 8th Intern. Cong. Appl. Chem., Vol. 10, 
1912, page 139. 

' Fielder and Davis, Jour. Ind. Eng. Chem., Vol. 2, July, 1910, page 304. 

•FiELDNER and Hall, Proc. 8th Intern. Cong. Appl. Chem., Vol. 10, 
1912, page 148. 
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thoroughly mixed with 2 grains of the Eschka mixture, about 1 
gram pf the Eschka mixture being spread over the top to form a 
cover. The crucible containing this prepared sample is now 
placed in a slanting position on a triangle, the mixture being then 
burned out over an alcohol, gasoline, or natural-gas flame. 
Artificial gas is not recommended for this purpose, as it usually 
contains sulphur in an amount which may introduce an error in 
the determination due to the uncertainty as regards the quantity 
of sulphur which may be taken up by the mixture. A very low 
flame must be used in starting the burning in order to avoid 
driving off the volatile matter so rapidly that the sulphur may 
escape unburned; this condition can readily be detected, as even 
a small loss of sulphur dioxide (SO2) will give oflf a very pungent 
odor. Care should be taken never to heat the crucible to such 
a degree as will cause a blackening of the Eschka mixture cover. 
After the crucible has been heated very slowly and cautiously 
for about 30 minutes, the heat is increased until the crucible be- 
comes red hot, when the contents should be occasionally stirred 
until all of the black particles in the mixture are burned out, this 
latter condition indicating that the process is complete. After 
the crucible and its contents have been allowed to cool, the 
contents are transferred to a 200-cc. beaker where they are 
digested for at least 30 minutes with 75 cc. of hot water, the 
contents of the beaker being then filtered into a 300-cc. beaker, 
the insoluble residue being washed twice with hot water by 
decantation, and then transferred to a filter paper where it is 
washed with small quantities of hot water until the volume 
of solution in the 300-cc. beaker amounts to about 200 cc. 
About 4 cc. of saturated bromine water (or a slight excess), 
together with sufficient concentrated hydrochloric acid (HCl) 
to make the solution slightly acid, are now added, after which 
the solution is boiled, and the sulphur is precipitated in the 
form of barium sulphate (BaS04) by adding 20 cc. of a hot 5 
per cent, solution of barium chloride (BaCU), this solution 
containing the precipitate being allowed to stand for at least 2 
hours at a temperature just below boiling. The following day 
this solution is filtered through an ashless filter paper and washed 
with pure hot water until a silver nitrate solution fails to show a 
precipitate with a drop of the filtrate. If it is desired to test for 
an excels of barium chloride, this may be done by adding a few 
drops of sulphuric acid solution to the filtrate. The precipitate 
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grams of granular zinc to prevent lumping. Sufficient saturated 
sodium hydroxide (NaOH) solution (from 80 to 100 cc.) to make 
the solution distinctly alkaline is gradually added, and the flask 
is inmiediately connected with a condenser. 

As the loss of ammonia is possible, this danger may be reduced 
by holding the flask in an inclined position while the sodium hy- 
droxide solution is being added, the alkaline solution running 
down the side of the flask and forming a layer below the lighter 
acid solution. The solution should be mixed by gently shaking 
the flask after it is connected to the condenser. 

The ammonia (NH3) is distilled over into 10 cc. of standard 
sulphuric acid solution, the latter carrying sufficient cochineal 
to act as an indicator for titration. The solution is distilled 
until about 200 cc. of distillate has passed over, the- distillate 
being titrated with standard ammonia (NH4OH) solution, 20 
cc. of the NH4OH solution being equal to 10 cc. H2SO4 solution, 
which in turn is equal to 0.05 gram of nitrogen. 

The use of the 500-cc. Kjeldahl flask does not, however, neces- 
sitate the transfer of the solution to a distillation flask, as the 
Kjeldahl digestion flask can be connected directly with the con- 
densing apparatus. 

The Bureau makes routine determinations in sets of twelve, 
the digesting and distilling apparatus being designed for twelve 
flasks, one flask in each set containing a blank determination in 
which 1 gram of pure cane sugar (sucrose) is substituted in place 
of the coal sample. The nitrogen found in this blank determina- 
tion is deducted from that found in each of the eleven coal de- 
terminations that were made in the same set. The sodium 
hydroxide and the potassium sulphide are usually dissolved 
in a single stock solution, a 25-lb. drum of electrolytic caustic 
soda being dissolved in 18 liters of water contained in a 6-gal. 
stoneware jar, potassium sulphide being then added until the 
quantity of alkali solution required for a nitrogen determination 
(from 85 to 100 cc.) contains 1 gram of potassium sulphide. 
As caustic soda 99 per cent, pure is used, the above proportions 
require 280 grams of potassium sulphide. 

Phosphorus. — A 6.52-gram coal sample is burned to ash in a 
muffle furnace for a phosphorus determination, this ash being 
then mixed with from four to six times its weight of sodium 
carbonate plus 0.2 gram of sodium nitrate, after which it is fused 
at the highest temperature of the blast lamp. This fused njass 

6 
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Method op Calculating from Calorimeter Readings 

(Sample No. 10743. Weight 1.0000 gram.) 

Time, Reading, 

P.M. **C. 

1.00 

1 . 54 23 . 874 . 0058 rate of change in preliminary period . 26 . 463 

1.55 23.897 23.897 

1 . 56 23 . 885 Observed temperature change 2 . 566 

1 .57 23.892 Thermometer correction 0.002 

Stem correction . 000 

1.58 23.897 4-0.00581 2.564 

+ 0.0027* Radiation loss 0.0066 

* 

2.5706 

1 .58K 24. 160 4- 0.00491 Water equivalent 0.3000 

+ 0.0014* 

1 .59 25.430 + 0.0008^ Total heat developed (calories) . 7,711 .8 

- 0.0006* Correction 40.3 

1 . 60 26 . 280 - . 00201 Heat developed by combustion . 

- 0.0023* of sample (calories) 7,671.5 

2.01 26.439 - 0.00251 

- . 0026* 

2.02 26.463 - 0.00261 

-0.0026* 

2.03 26.466-0.00261 

-0.0026* 

— 0.0066 algebraic sum. 

2.04 26.463 

2.05 26.460 

2 . 06 26 . 456 - . 0026 rate of change in final period. 

2.07 26.455 

2.08 26.454 

2.09 26.450 

Calories 
Wire burned = 11.2 mg. =17.9 

Titer (1 cc. = 5 cal.), 2.5 cc. =12.5 

Sulphur (0.01 mg. = 13 cal.), 0.0076 mg. =9.9 

Room temperature = 24°C. 40.3 

* Computed rate per minute of temperature change at each reading. 

* Temperature correction for heat loss during each interval. 
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^Vie bomb calorimeter when fuel is burned in an atmosphere of 

^^Xygen under high pressure, but in the ordinary combustion of 

^oal, or in a boiler furnace, the sulphur is burned to sulphur 

^oxide (SO2), which has a heat of formation equal to 2250 

calories per gram of sulphur; the difiference between these two 

values, or those due to the formation of aqueous sulphuric acid 

in the one case and to sulphur dioxide in the other, amounts 

to 4450 — 2250 = 2200 calories per gram of sulphiu*. 

This difference necessitates a correction of 2200 calories per 
gram of sulphur in the determination, because of the formation 
of aqueous sulphuric acid, and since 1 cc. of the standard am- 
monia solution is equivalent to 0.0055 gram of sulphur, we have 
0.0055 X 2200 = 12.1 calories as the heat correction which 
must be made if all the acidity of the liquor from the bomb is 
represented in sulphuric acid. 

As a general statement it may therefore be said that the 
ammonia solution containing 0.00587 gram (NHs) per cubic 
centimeter is equivalent to 5 calories when nitrogen is burned 
to aqueous nitric acid, or to 12.1 calories when sulphur is burned 
to aqueous sulphuric acid, this difference therefore requiring a 
further correction for the sulphur that may be determined 
separately. This correction is found to be a function of the 
difference between the value of the ammonia solution in terms 
of sulphur, or 12.1 calories, and its value in terms of nitrogen, 
or 5 calories, the difference being 12.1 — 5 = 7.1 calories; this 
difference is divided by 0.0055, the value of 1 cc. of the ammonia 

7.1 
solution in grams of sulphur, and /T^ck — ^291 calories per 

gram of sulphur, or practically 13 calories for each 0.01 gram 
of sulphur. We therefore find that the total correction for 
acidity is equal to the cubic centimeters of ammonia solution 
multiplied by 5 plus the centigrams of sulphur multiplied by 13, 
the figure 5 being the factor for nitric acid. 
The Mahler bomb calorimeter is shown in Fig. 11, where 

A = the water jacket by means of which constant con- 
ditions are maintained outside of the calorimeter prop)er, 
thus making it possible to secure a more accurate com- 
putation of losses due to radiation. 

B = the porcelain-lined steel bomb, which is filled with com- 
pressed oxygen, and in which the combustion of the coal 
takes place. 
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A. constant temperature device, Fig. 12, used by the Bureau 
^* ^ines, provides a water supply at the proper temperature for 
^^iling calorimeter determinations; this device consists of a large 
f^Pper tank {A) containing an agitator or mixer (a), the latter 
^ing revolved through the medium of a small electric motor, 
^^d an electric thermostat (6), which operates an electromagnetic 
^^ve (c) located in the ice water tank (B). After a calorimetric 
'^^termination has been completed, the water, which has been 
^lightly warmed in the bucket, is returned to the tank (A). The 
^<ldition of this warmer water acts on the thermostat and thus 
Causes the latter to close an electric circuit through 
^ dry battery and relay, the latter in turn closing 
^ 220-volt circuit through the coil of the solenoid 
CcQ, this closing of the circuit causing the valve 
(c) to open and thus admit ice water into the 
oopper tank {A). The admission of this water 
lowers the temperatures of the water in (A), and 
^¥hen the proper temperature has been thus pro- 
duced, the circuit is automatically broken by the 
thermostat, and valve (c) is closed. The water 
Tequired for each determination is drawn oflf 
from tank {A) through the cocks (e) and (/) to 
the calorimeter bucket, where it is weighed. A 
tare weight, equal to the total water equivalent 
of the calorimeter plus the weight of the empty bucket, is pro- 
vided by means of a strong, glass, shot-filled bottle. 

Before being placed in use, the calorimeter should be standard- 
ized by determining the water-equivalent value of the instru- 
ment, this being done by the method of Specific heats, the elec- 
trical method, the method of mixtures, the differential method, 
or by the method which employs the combustion of a substance 
having a known calorific value. 

An example of standardization by the first or specific heat 
method, made on the Mahler bomb by the Bureau of Mines, ^ 
is given below; this bomb showed a water equivalent of 500 as 
determined from the average of fifteen combustions of pure naph- 
thalene, benzoic acid, and sugar cane, a check on these determi- 
nations by the method of specific heats giving the following 
result: 



Fig. 12.— Con- 
stant tempera- 
ture device. 



* Tech. Paper 8, Bureau of Mines, Stanton and Fieldner. 
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T = the change of temperature, corrected for radiation and 
thermometric errors. 

H. H. Clark^ has devised the following equation for determin- 
ing the calorific value in British thermal units, this equation 
being the result of more than 500 analyses of coals the heating 
value of which had been determined by means of a standard 
calorimeter. Clark states that the results given by the equa- 
tion are within 2 per cent, of those obtained by the calorimeter. 

B.t.u.'s per pound of dry fuel = 

inn ^^•^- +J^)_Z (1^^^^ + 30A + S9S) ^.. _ 

^^ ." 100 -Af ^"^^ 

in which 

C = per cent, of carbon in coal. 
c = constant, as given below. 
V = per cent, of volatile in coal. 
V = constant in Table XXVI. 
M = per cent, of moisture in coal. 
A = per cent, of ash in coal. 
jS = per cent, of sulphur in coal. 

For "c" Use 

For anthracite coal c = 141 

For bituminous coal c = 140 

For lignite f = 95 

For coke c = 130 

Table XXVI 



Per cent., 
vol. 


••»" 


Per cent., 
vol. 


1 

** r" 

202 . 7 


Per cent., 
vol. 


••»" 

1 


Per cent., 
vol. 


"••• 


1 


240.5 


14 


1 

27 


180.5 


40 


162.2 


2 


236.4 


15 


200.9 


28 


178.8 


41 


161.1 


3 


232 . 5 


16 


199.2 


29 


177.2 


42 


160.0 


4 


228.8 


17 


197.5 


30 


175.2 


43 


158.9 


6 


225 . 3 


18 


195.7 


31 


173.9 


44 


157.8 


6 


221.9 


19 


194.0 


32 


172.3 


45 


15<>.7 


7 


218.6 


20 


192.3 


33 


170.7 


46 


155.6 


8 


215.4 


21 


190.6 


34 


169.2 


47 


154.5 


9 


212.3 


22 


188.9 


35 


167.8 


48 


153.4 


10 


210.3 


23 


187.2 


36 


166.6 


49 


152.3 


11 


208 . 3 


24 


185.5 


37 


165 . 5 


50 


151.2 


12 


206 . 4 


25 


183.8 


38 


164.4 


51 


150.1 


13 


204 . 6 


26 

1 


182.1 

■ 


39 


163.3 


52 


149.0 



* Ainer. Gas Light Jnl., Sept. 30, 1912, page 
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^Tlie calorific velue of a coal, taken in conjunct ion with it:s 

idmate analysis, may give some idea as to the i^loritic vnlue 

eh will be fotmd in the volatile proilucts were it not for th^it 

'^ion of this volatile combustible which is transfornuxl into 

, the latter having a high calorific value: thert^fon^ the calorific 

lie (rf the coal can be accepted only as an index of what nxav Ih> 

^^^iJected in the gas. It is a well-known fact that, as a rule, hiijh 

^^tile coals, having a high calorific value, are nion^ apt to pn>- 

^Uce gas with high calorific values than those coals whicli have a 

low heating value. Carbonizing within working limits at low 

temperatures wiU produce more tar than when 

the same coal is carbonized at a higher teniiH^ra- 

ture, and as a rule this low-temperature tar 

will be of a better quality and will contain loss 

free carbon. 

The True Specific Gravity. — In determining 
the true specific gravity of the coal, approxi- 
mately 3.5 grams of the 60-mesh sample are 
weighed and placed in a 50-cc. pycnomoter 
which contains about 30 cc. of distilled water. 
In order that no portion of the sample be lost 
dming boiling, a one-bulb, 6-in. drying tube (a) is 
connected to the pycnometer by means of a 
small piece of pure rubber tubing (c), Fig. 13, 
the other end of the drying tul)e being con- 
nected to the aspirator. Suction is now aiiplicnl and Uwi con- 
tents of the flask are caused to boil g(mtly und(*r a partial 
vacuum for 3 hours, thus expelling all air from the (roal Hiun- 
ple; a water bath (d) is interposed betwc^ai the flume of the 
biuner and the pycnometer. After the air has been expelh^d, 
the pycnometer is detached, almost filled with lK)ile.d and (u>oled 
water, and then allowed to cool to the temfHTatiire of the room, 
being then stoppered and weighed, the ternfM^rature of the jiyir- 
nometer contents being taken imm(*diately after weigliing. 
Each pycnometer must be accurat^'ly calibnit^'d awl a twble 
shotild be constructed giving its individual mifiwUy in t^nttiiH 
of water at different temperature*. The true HjMr/rific gravity 
b now determined by means of f;i|uatiori ^'J4; : 




Fid. VA. Vyr- 
ii(>iiiot4*r for IriHt 
H|)(U'i(i(! Kriivity. 



True specific gravity = 



W 



W 



fM) 
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in which 

W = weight in grams of dry coal = weight in grams 

of the sample less its moisture content. 
W = weight in grams of the pycnometer plus the dry 
coal plus the filling water. 
P t= weight in grams of the pycnometer plus the 
filling water. 
A Hogarth flask is also used to great advantage in determining 
the true specific gravity, and it is more convenient and accurate 
than the ordinary pycnometer; with the latter flask it is some- 
what diflScult to insert the stopper without catching some floating 

particles of the sample be- 
7bf//fern!r^^ tweeu the neck and the stop- 

per, but this diflSculty is re- 
moved by using the Hogarth 
flask. 

A 10-gram sample of the 60- 
mesh coal is weighed and care- 
fully placed in the weighed 

Hogarth flask, the latter be- 
^/^cAr/r//^//5b/^ jj^g j^^jf j^jj ^f distilled water, 

the capacity of these flasks be- 
ing from 100 to 125 cc. The 
flask is placed on a small elec- 
tric hot-plate in a 10-in. vac- 
uum desiccator, Fig. 14, this desiccator being evacuated by 
means of an aspirator or air pump, sufficient electric current 
being passed through the hot-plate to keep the water boiling; 
about 30 minutes arc required to expel all of the air if an efficient 
vacuum pump is used. The flask is now removed from the 
desiccator, filled to the tubulure with distilled water, which has 
been recently boiled and cooled, and the stopper is inserted, a 
thin film of vaseline being applied to the stopper to prevent 
leakage. 

The flask is now placed in a water thermostat and cooled to 
about 25°C., after which distilled water, which has been cooled 
in the same thermostat, is drawn through the tubulure until the 
water reaches a level slightly above the mark on the capillary 
of the stopper. By inserting the end of the tubulure in a small 
l)cakcr containing the distilled water, and by applying slight 
suction on the stopper, the flask may be filled without removing 




Fig. 14. — Vacuum desiccator for true 
specific gravity. 
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are placed on the upper pan and the hydrometer is allowed to 
sink until it reaches a mark on the stem between the copper 
pan and the buoy, this total weight being recorded. The 
weights are then removed and about 500 grams of the coal in 
1^^- to 2-in. cubes are placed in the copper dish, after which 
sufficient brass weights are applied to cause the hydrometer to 
sink to the mark on the stem, the difference in the weights used 
giving the weight of the sample in air. The sample is now 
removed and carefully placed in the brass cage below the buoy, 
the weights on the upper pan being adjusted until the instrument 
again sinks to the designated mark on the stem. Then the 
weight of the coal in water will be equal to the weight required 
to sink the hydrometer to the mark with no sample on the 
upper pan nor in the brass cage, less the weight required to 
sink it to the same mark with the sample immersed in the 
cage. 

If the weight of the coal sample in air = Xy and the weight of 
the same sample in water = y, the apparent specific gravity will 

be -?-. Therefore, 100 X W^^IV^^'L^^^y = 
X — y ' true specific gravity *^ 

centage by volume of coal substance, and 100 — percentage by 

volume of coal substance = percentage by volume of cell 

space. 

Before making specific gravity determinations the samples 

should be thoroughly dried, and they should also be in lumps of 

approximately the same size and shape. When the sample is 

immersed, the hydrometer should be moved up and down in 

the water a number of times so that air bubbles may be expelled. 
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Good coking coals are capable of producing a good, sound 
Coke without any other preparation than crushing, but as many 
of the coals used for this purpose contaiq slate, iron pyrites, 
ferrous sulphide, sulphate of lime, argillaceous matter, and 
phosphorus, coal washing must be resorted to in order that the 
required quality of coke may result, the quality or cleanliness 
of the coal ha\'ing a direct bearing on the yield of coke. Table 
XXVII* shows approximately the quantity of coal, in tons and 
pounds, required to produce a ton of coke in 1880, 1890, 1900, 
and annually since 1901, from which it is evident that up to 1903 
the amount of cdal required to produce a ton of coke exceeded 
3100 lb.; from 1904 to 1910, inclusive, this weight was somewhat 
reduced, being between 3000 and 3100 lb., while for the last 
3 years it was slightly less than 3000 lb., the minimum hav- 
ing been reached in 1912. 

Table XXVII. — Coal Required to Produce a Ton of Coke 



Year 


Tods 


Pounda 
3140 


Year 
1900 


Tom 
1.531 


Poundi 


1880 


1.57 


3W2 


1890 


1.56 


3120 


1907 


1 519 


m38 


1900 


1.57 


3140 


1908 


1.515 


3030 


1901 


1 . 57 


3140 


VMi 


1 510 


.W20 


1902 


1 .56 


3120 


1910 


1 513 


:^)26 


1903 


1.56 


3120 


1911 


1 . 499 


2998 


1904 


1.544 


30SS 


1912 


1 491 


2^*82 


1905 


1 . 537 


3074 


1913 


1 49<i 


'2*Mr2 



The coke yield since 1903 has increas^'d in a ratio corresfionding 
to the reduction in the amount of coal recjuired to pnxiuf^e a ton 
of coke, and at present alx>ut HK) lb., or '} fXT cfuX., less coal is 
required per ton of coke than was necessarj- 10 or 12 years ago, 
or before the retort coke ovens l>egan to make their exi.stence a 
factor in the coke-making industry'. 

1 The Mfg. of Coke in 1913, E. W. Pakkek, U. S. Oe^^logif al .Suney. 
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Table XXVIII. — Percentage Yield of Coal in Coke by States* 



State 



1900 



1910 



1911 



1912 



1913 



Alabama 

Colorado 

Georgia 

niinois 

Indiana 

Kansas 

Kentucky 

Maryland 

Massachusetts. . . . 

Michigan 

Minnesota 

Montana 

New Jersey 

New Mexico 

New York 

Ohio 

Oklahoma 

Pennsylvania 

Tennessee 

Utah 

Virgmia 

Washington 

West Virginia 

Wisconsin 

Total average 



60.7 

64.9 

53.8 

75.9 

44.4 

00.0 

52.0 

67.9 

77.7 

74.1 

67.7 

44.7 

77.7 

53.9 

72.0 

65.4 

00.0 

67.3 

53.1 

53.7 

65.4 

61.7 

62.0 

76.1 



66.2 



61.6 
66.6 
54.8 
76.8 
78.3 
75.2 
51.7 
65.6 
77.3 
75.7 
68.0 
44.7 
76.1 
61.6 
71.7 
68.3 
45.0 
66.7 
54.0 
54.9 
64.6 
63.0 
61.1 
77.4 



66.1 



62.6 
66.6 
51.7 
77.1 
80.6 
70.0 
55.9 
66.2 
77.4 
74.2 
66.7 
00.0 
76.2 
61.5 
71.8 
68.2 
00.0 
66.7 
52.6 
59.0 
63.9 
66.6 
60.4 
74.9 



64.9 
66.0 
50.0 
76.2 
81.8 
70.0 
62.4 
65.8 
75.5 
75.4 
69.6 
00.0 
78.4 
60.9 
72.6 
69.2 
00.0 
66.5 
54.0 
56.8 
62.2 
62.6 
60.7 
69.6 



63.6 
65.1 
51.5 
74.9 
77.1 
00.0 
61.9 
69.4 
76.3 
76.2 
66.9 
00.0 
75.4 
59.4 
71.1 
69.3 
00.0 
66.6 
52.5 
56.9 
64.7 
64.2 
61.3 
76.2 



06.7 



67.1 



66.9 



Table XXIX. — Percentage Yield of Coal in Coke in the United 

States^ 



Year 

1880 
1890 
1900 
1901 



Per cent. 



Year 



Per cent. 



Year 



Per cent. 



Year 



Per cent. 



1 

63.0 


1902 


64.1 


1906 


65.3 


1910 


64.0 


1903 


64.1 


1907 


65.8 


1911 


63.9 


1904 


64.8 


1908 


66.0 


1912 


63.7 


1905 


65.1 


1909 


66.2 


1913 



66.1 
66.7 
67.1 
66.9 



two-thirds of the total being washed slack, while in Georgia, 
New Mexico, and Washington all of the coal is washed, the first 
two states using slack exclusively. In Colorado the greater 
portion of the coal coked is run of mine, washed, and in Virginia 

*The Mfg. of Coke in 1913, E. W. Parker, U. S. Geological Survey. 
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there is almost an equal division between slack and run of mine, 
but none of it is washed in this state. 

In 1913 the total quantity of coal charged into ovens for the 
production of coke amounted to 69,239,190 short tons, of which 
49,566,720 tons unwashed, and 4,793,053 tons washed were run 
of mine coal, while 5,958,173 tons unwashed, and 8,921,244 tons 
washed were slack coal, making the total amount of unwashed 
coal 55,524,893 tons as against 13,714,297 tons of washed coal. 
Table XXX shows the character of coal used in the production, 
of coke from 1890 to 1913. 

Table XXX. — Character of Coal Used in Making Coke. Short Tons* 





Run o 


' mine 


Slack 




Vmip 








Tnitm\ 


Z OAT 


Unwashed 


Washed 


Unwashed 


Washed 


A OuU 


1890 


14,060,907 


338,663 


2,674,492 


931,247 


18,005,209 


1895 


15,609,875 


237,468 


3J)52,246 


1,948,734 


20,848,323 


1900 


21,062,090 


1,369,698 


5,677,006 


4,004,749 


32,113,543 


1905 


31,783,314 


3,187,994 


8,196,226 


6,363,143 


49,530,677 


1910 


42,554,324 


5,178,915 


6,842,078 


8,513,010 


63,088,327 


1911 


36,362,875 


4,918,520 


5,460,689 


6,536,164 


63,278,248 


1912 


47,559,972 


5,122,342 


5,668,166 


7,227,382 


65,677,862 


1913 


49,566,720 


4,793,053 


5,958,173 


8,921,244 


69,239,190 



Crushing the coal as it comes from the mine is necessary in 
order to produce a good and uniform quality of coke, and this 
is specially true as regards those coals which are low in volatile 
matter, as the fusing elements which are supposed to be inherent 
in the volatile matter are thus utilized to more advantage; be- 
sides this, if it were possible to charge coal of absolutely uniform 
size to the ovenSy a better coke would result, as in this case all 
particles of coal would be completely carbonized in the same 
period of time. In the case of large and small lumps the former 
require an added carbonization period over the latter, as it 
requires a longer period of time for the heat to reach the center 
of the large lump. 

There are a large number of efficient coal crushers, or breakers 
on the market, but in making selection of a machine of this 
character attention should be paid to its simplicity of design, as 
a multiplicity of parts usually leads to operating troubles. 

^The Mfg. of Coke in 1913, E. W. Parker, U. S. Geological Survey. 
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Cnishinfi; the coal breaks up the slate particles, thus per- 
mitting them to be easily and intimately mixed with the coal, 
this even mixture leading to a regular distribution of the slate 
particles tlirough the cellular structure of the coke, as, if large 
pieces of slate are permitted to enter into the coke, they will 
l)reak the continuity of the cellular structure, this having the 
effect of breaking the coke into small pieces during handling. 
Fine crushing, say to 85 per cent, of the coal through a J^-in. 
screen, is advisable, as it is possible that the fine crushed ash 
constituents will tend toward a slight fusion effect in the cellular 
structure, this effect assisting in strengthening the coke. 

Washing the coal is often, but not always, a necessity, as is 
seen from the foregoing tables, but as a rule such coals as do re- 
quire washing also require a careful study of their physical and 
chemical qualities in order that the proper apparatus can be 
devised to secure the desired result. A proper classification of 
the coals ensures the most efficient separation of slate and other 
impurities, this being accomplished to a great extent by a 
difference in specific gravities of the materials charged to the 
washer, where coals of the same size, due to their lesser weight, 
will rise, while the heavier impurities (slates, pyrites, etc.) 
will sink. Attempts have been made to treat such coals as 
tave their slaty impurities mixed with clay, in a dry manner, as 
in water washing the clay dissolves and adds to the washing 
troubles. This method of dry washing calls for passing the 
classified coals through a current of air, in which the separation 
is again effected by reason of the difference in specific gravity 
between the coal and the impurities. In order to secure the 
best coking results the coal should be carefully analyzed, and if 
upon examination it is found that costly treatment is required 
to secure the desired result, that particular coal should be 
abandoned if possible. 

A great many washing system^ have been and are being used, 
but in adopting any system care should be taken to see that it 
IS effective for the particular coal to be treated. 

At Johnstown, Pa.,^ almost from the beginning of operations, 
the coal has been washed in order to reduce the ash and sulphur. 
The Tennessee Coal, Iron and Railroad Company also wash 
practically all their coals for coking purposes, the prime factor 
^ this case being ash reduction. The coal at Johnstown is washed 

* C. A. Meissner, Chairman, Coke Com., U. S. Steel Corporation. 
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Another Baum plant, Fig. 17, makes use of a "dehydrating" 
belt for delivering the one grade of coal directly to a scraper con- 
veyor, while the bucket elevator carries the crushed nut coal 
and coal dust to the same scraper, the latter then distributing 
the two grades to several centrifugal mills, from whence the mixed 



Dehydrafing 
beli ■ 




Scraper Conveyor 
>••;•.• ^ " Scraper Conveyor 



fine Coal 
Screen 

Coal 



Fig. 17. — Baum coal mixer. 

product passes to the storage bins, the coal being leveled in the 
latter by means of another scraper located under each mill. 
These two systems are not looked upon so much as real mixers, 
but rather as an integral part of the coal-washing system. 
Fig. 18 shows a Humboldt system in which the two grades of 



Pisfribvfinq Screv/ 




Milt 
J^o fating Floor 

Screw Conveyor ■ 



^-yy^ X >v ^X 



Cooihl 




Coal J! 
Screen 



Valve 
Crusher 



Fig. 18. — Humboldt coal mixer. 

coal are delivered by cars to crushers and from thence to a bucket 
elevator; from the elevator the coal is distributed by means of a 
spiral conveyor to the centrifugal mills, the coal from the latter 
being delivered by means of a screw to a scries of revolving dis- 
tributing tables, the latter placing the coal in storage. 
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Fig, 19, which is also a Humboldt system, shows the two ftrado^ 
of coal joining each other in the elevator boot, tho elrvaUir do- 
'ivering this preliminary mixture to a screw which uRain <liHtril>- 
utes the coal to a series of mills from whence a scraper convc^yor 
deposits the final mixture in the storage bins. Tho proper 

Screen 

y Scraper Cff/yveyor 




Pio. 19.— Ilumboldl coal n 



^**^crture is secured in these various »yst«rri« by ntgulatitiK thw 
F*^^d of the conveyors which thus pcrmitH of ildivttring only th« 
'^^'^unt required. The Humboldt systems ar<; ulso UHiiiilly 
"^"-^Hd in connection with coal washi-riiis, 

I n the Meguin aj-stem, shown in Fig- 20, tin; om- r;lniiH of i-aihW 
clrawn from storage into a screw conveyor which in liirii 



Fig. Vt.—Mivuu "aI ii.^itrr. 

^epofflts tbem In the pfcv»i/jr Ix^/t: tl^r i-\i::-ii}'ir lAnz-ttf \\u-rf- 
'^lals in the mills, tbrMUEiti \\^ jtit^^'ui^ nl n v.ff»i •nu-.i-i'it ati't 
^•tini the milb a ae«oti^ efevjtVw rxirrf*. '.v- 'tj'.r^'i •//■A u, m, 
d^-erbead Inn. it [>^iniE ddiv^^tjij fr',::^ r:if:f: ■/« ';>• ,','■&'; 'A a 'Lift 
elevator can^'ing thfc other *rlw* </ '»aJ; •/>: •»'/ ''/h.: !.'j» ;/»Mt 
into a mixiiig ecntiifugal wiU, uA U'*tu \iiMi<:»: iu'Ji eV^ai^. 
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The Kl^Jnne system, as shown in Fig. 21, is not dependent 
upon coal washeries, and it is therefore found in coke plants where 
no washing is done. The two grades of coal are drawn from the 
lower storage bins, being fed to the bucket elevators by re- 
ciprocating feeders; these elevators deposit the two grades of coal 
in adjacent bins from whence they are drawn in measured quan- 



Fm. 21. — Klonoe coal mixer. 

titiea by means of reciprocating feeders to the mills, the latter 
delivering the mixed coal to a screw conveyor which carries it 
to final storage. 

Figs. 22 and 23 show the mixing systems as built by ScHtfcu- 
TERMANN and Kremer; in the former the two grades of coal are 
delivered on separate tracks to the plant, dumped into pits, from 




TrartConrh/r 
Fid. 22. — SchUchtcrmann and Kremer coal minor. 

whence the delivery to the mixing bin is regulated by the speed 
of the elevators; from this bin the mixed coals pass into the 
centrifugal mills, and are then deposited in the final storage by 
means of an elevator and scraper conveyor. In the system shown 
in Fig. 23 the two grades of coal are stored in adjacent bins, 
those for one grade being provided at the bottom with an 
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ordinaiy gate, while the other ia supplied with a reciprocating 
feeder, the two coals passing onto a belt and from thence to an 
elevator to final storage. 

The Concordia Colliery, Oberhausen, Germany, secures a 
desirable mixture wiUiout the use of any particular mixing 
system, as it was found that the various methods of delivery 
required by the design of the entire plant accomplished the result 



Fio. 23. — SchUchlermann and Krenier cunl niixcr. 

wthout any trouble, thb delivery method being shown in Fig. 
24. The one grade of coal ia delivered by cars (a) to the pit of 
™vfltor (c), the other grade reac)iing the same pit through 
™u(e (6); the elevator deposits the mixture on Ih'U (d), which 
'" *urn gives it to belt (e), from whence it paasiss into the final 
borage bins. These several transfers mix the coalM very cflect- 
''«>', as testa made showed the following maximum diSercuees 




^*IG. 24. — Diagram of the coal mixing plant itt (lio ('cmi-onliii inillinry. 

^^^^ecn the actual and desired volatile conti^nts at the variouB 
P^*it8 of transfer: 

Bucket elevator (e) 4 t*7 pf-r cf-nt. 

Scraper belt (d) 2 M jx-r ri'nt. 

Scraper belt («) 1.21 jx-r ri-nl. 

Coal storage IW |«r ci-nt. 

Washing the co^ at the mines is vctry objectionable, it<>cauw! 
™fi drying of the co^ calls for very large and costly Htorage 
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bins, and even after protracted storage the coal will be found 
to contain a considerable amount of moisture which results in 
increased freight charges, this" moisture being subjected to 
freezing during cold weather, which in turn calls for costly thaw- 
ing-out installations. When the coal is washed at the C5ar- 
lx)nizing plant it is also found to contain water, and this moisture 
content leads to difficulties in crushing and mixing, besides which 
the charging of wet coal in the ovens has a bad effect on the 
oven walls, the water also increasing the coking time. At 
Joliet, 111., a process is in the course of development for drying 
the coal by mechanical means, and its success will be of benefit 
to all coal carbonizers. 

The storage of coal in open piles is familiar to all, and it is 
not my intention to describe the various systems for trans- 
portation and piling, but rather to confine my remarks to modem 
storage buildings. 

A great deal of attention has been given to the proper storage 
of coal by the United States Government, and at the Navy 
coaling station on Narragansctt Bay^ where a storage capacity 
of 60,000 tons has been established, all of the pockets or coal bins 
have been provided with temperature tubes in order that a rise 
in temperature may be discovered and remedied before the danger 
point has been reached. These temperature tubes are made of 
4-in. galvanized pipes about 20 ft. long and they are so located 
in the pocket floors that they project upward through the 
coal, each tube being provided with a thermostat arranged to 
indicate temperatures in excess of 65°C. (149°F.). There are a 
total of 232 tubes from which circuits are run to a general an- 
nunciator located in the superintendent's office; the heating of 
any particular pile causes an alarm to be sounded, the location 
of the heated pile being shown by an indicator. After extensive 
expKjrimcnts the Navy Department accepted 65®C. as the 
danger point, as it was learned that increase in temperature was 
very rapid after this point had been reached. 

The coal storage building which is operated by the Providence 
Gas Company at Providence, 11. I., in connection with its open 
coal pile, consists of an A-frame steel structure, shown in Fig. 
25, those portions of the structure in contact with the coal 
being covered with concrete, while each bay between the trusses 
is supplied with a steel door at the ground line to permit of access 
in case of fire. The coal is delivered to the open pile or to the 
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being so arranged that the coal can either be deposited in the 
storage or carried direct to the point supplying the carbon- 
izing apparatus. The storage buildings are constructed either 
as large halls where the coal is handled by means of grab-buckets 
and man-trolleys or in the shape of large silos which in turn de- 
liver the coal through bottom chutes to the conveyors. If 
the coal is stored in large halls, the sides should always be so 
constructed as to permit of coal removal through side doors in 
case of j&re, while if the silo construction should be adopted the 
delivery devices in the bottom should be so arranged as to re- 
move the burning coal in a minimum of time. 

The silo construction permits of a greater height of storage 
than does the storage in large halls where the coal is recovered 
by grab-buckets, and the silo construction as devised by Herb 
Rank, Munich, and as built by the Bamag Company, is finding 
great favor in Germany, this device being shown in Fig. 26. 
This method of storage permits of storing very large quantities 
of coal on a minimum of ground space, the one illustrated 
allowing of about IJ^ tons per square foot of area, this content 
being due to the inclined bottoms, which construction also 
prevents breakage of the coal while being deposited in the 
various bins. The structure is built almost entirely of ferro- 
concrete, the space below the silos being open and fitted for the 
storage of other materials. 
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Baehr states that this tabulation shows only an arbitrary 
relation, and that the extent to which recuperation should be 
carried in order to secure the greatest commercial economy is as 
yet unknown. 

Mr. a. H. Strecker gives the following additional figures in 
this connection: 



Type of furnace 

Kl6nne 

Parker-Russbl 

Newark 

Average 



Heating surface of 
recuperator in 
square inches ■- 

30,720 
30,240 
37,152 
32,704 



Ratio of recuperator 
surface to retort 
surface, f>er cent. 

33.9 
33.3 
41.1 
36.1 



The waste gases greatly exceed the excess air in quantity, and 
also because of the thermal capacity it would seem almost im- 
possible to utilize all of the available heat in the gases as they 
leave the setting; added to this, we find certain physical conditions 
which make an attempt at heating the primary air to any extent 
out of the question. Mr. Baehr states that in his opinion the 
ideal setting would include separate but continuous gas producers, 
so arranged as to supply a stack of benches with combustible gas, 
making as much use as possible of the sensible heat of the waste 
gases for preheating the secondary air, and the balance for heating 
the primary air. 

If the bench is provided with its own producer, the latter should 
have a rectangular cross-section, but if separate producers are 
supplied, they should be of a circular shape. 

Mr. R. W. Polk, in defining the character of a setting, states 
that a half-depth bench is one in which tlie distance from the 
grate bars to the crown of the furnace is 36 in. ; for a three-quarter 
depth this dimension is 54 in. ; while for a full depth it should be 
72 in., it being understood that in all cases the recuperators extend 
to the level of the top of the ash pan. As regards the heating of 
the primary air, he states that this is uneconomical, as this pro- 
cedure merely means the carrying of more heat into the furnace 
where it should be the aim to keep the temperature down. 
Baehr does not agree with the above definitions, and offers the 
following: A shallow producer recuperative bench is one having 
an average effective fire depth just before firing of not less than 
3 ft., and a maximum of not over 5 ft.; the ratio of effective re- 
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Yield per lb. I 
eu. ft. 



C. P. Susg. 



Candle ft. 



Amutfi cu. ft. Generator 
per retort ! fuel, per cent. 



^09 

910 

^11 

.912 



5.16 
5.55 
5.57 
5.55 



15.44 
15.25 
15.55 
15.30 



79.71 
84.64 
86.70 
87.90 



24,250 


13.09 


21,980 


13.12 


20,310 


10.96 


20,540 


11.20 



orizontals at Stuttgart, Germany. — This installation con- 
of 22 benches each containing nine retorts 15.7 in. X 23.6 
- X 19.7 ft. long, De Brouwkr machines being used for charging 
<d discharging. The charges consist of 6}<2 tons, this amount 
ing burned ofif in 9 hours. The average make is 11,698 cu. ft. 
^rton (1909), the gas having a net calorific power of 560 B.t.u.'s, 
ile the average make per bench per day, including scurfing 
e, was 155,390 cu. ft., corresponding to 164 cu. ft. per square 
t of retort house ground area per day. The coke produced 
large and firm, the coke used in the furnace being from 13 to 
1^4 per cent, by weight of the coal carbonized. 

horizontals in England. — Dr. J. Ferguson Bell^ reports 

^irnultaneous tests extending over a week on carbonizing with 

^vxll horizontal retorts, and with light charges, the respective 

Ga.Tbonizing periods being 12 and 8 hours, the retorts measuring 

^6 in. X 22 in. X 18 ft. lopg; the coal used was Derbyshire 

Slack Shale of ordinary quality^ 

Composition of Coal Used 

Carbon 72.22 

Hydrogen 4 . 75 

Nitrogen 1 . 35 

Sulphur (vol.) 2.31 

ABh 7.51 

Moisture 4.49 

Oxygen (by difif.) 7.36 

Analysis of Coke Produced 



Charge 



12 hours 
8 hours 



Sp. gr. 


C 


Vol. 


Total S 
2.780 

2.415 


Aah 


1.59 
1.63 


84.82 
84.05 


1.838 
1.021 


10.34 
10.11 



Moisture 

0.664 
0.290 



The coke from the 12-hour charge was somewhat harder and 
of better color than the other. 

^ London Jnl. of Gas Ltg., 1910, page 836. 



126 



COAL AND COKE 



A summary of the test results is given below 



12 hours 



8 hours 



Average weight per charge, lb 

Gas made per 2240 lb., cu. ft 

C. P. Metropolitan No. 2 burner 

Calorific value, gross, B.t.u 

Calorific value, net, B.t.u 

COi in crude gas, per cent 

HjS in crude gas, gr. per. 100 cu. ft 

CS2 in crude gas, gr. per 100 cu. ft 

Coke sold per ton of coal carb. large, lb 

Coke sold per ton of coal carb. small, lb 

Coke sold per ton of coal carb. breeze, lb 

Coke used in furnaces per ton of coal carb., lb 
Coke used in furnaces per cent, of coal carb . . . 

Tar made per ton of coal carb. gal 

Specific gravity of tar 

NHs liquor per ton of coal, 50**Tw. gal 

NHj in lb. of ammonium sulphate, lb '. . 

Analyses of Gas: 

Carbon dioxide , . 

lUuminants 

Oxygen 

Carbon monoxide 

Methane 

Hydrogen 

Nitrogen (by diff.) 

Calorific value, calculated, B.t.u 

Calorific value, by Junker's calorimeter 

Temperature in retorts, mean average, °C 

Temperature in retorts, mean average, °F 

Temperature in combustion chamber, °C 

Temperature in combustion chamber, °F 



1,344.0 
12,091.0 
15.56 
608.2 
554.6 
2.5 
1,040.0 
65.9 
1,053.0 
277.0 
87.0 
179.0 
8.0 
12.07 

1.156 
33.53 
29.89 

2.20 
3.80 
0.30 
5.60 
32.90 
48.60 
6.60 
567.6 
566.0 
995.0 
1,823.0 
1,332.0 
2,430.0 



920.0 
11,820.0 
16.29 
586.8 
530.4 
2.4 
933.0 
57.3 
997.0 
331.0 
83.0 
185.0 
8.25 
10.43 

1.189 
33.88 
28.50 

2.60 
3.30 
0.30 
5.20 
34.00 
43.50 
11.10 
550.2 
515.2 
986.0 
1,807.0 



The Carpenter Vertical Take-ofif. — This take-off, U. S. patent 
No. 1,122,683, has been in operation for a httle over 2 years, 
and has proven the cHmination of a groat deal of the labor 
found in connection with the usual ascension pipe. As originally 
constructed, this take-off was provided with a circulating system, 
the ascending gas being cooled by the introduction of water at 
the top of the pipe. After operating for some time, however, 
it was found desirable to maintain as high a temperature as 
would be practicable in the pipe, in order to secure a fixing 
action for the large volume of low-temperature gas coming from 
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It; is also claimed that the gas produced in these verticals 
con trains but traces of naphthalene, and that naphthalene stop- 
pa.ges are entirely eliminated. 

Reports from Maribndorf and Dessau, Germany, are to the 
effect that the amount of carbon bisulphide in the gas produced 
in these verticals is about 50 per cent, less than with gas produced 
in Horizontal or inclined retorts; this reduction in carbon bi- 
sulphide is, from a hygienic standpoint, very important, because 
it is transformed into sulphurous acid at the point of gas com- 
bustion, and once formed, it is a difficult matter to remove it 
from the gas. 

It is also claimed that the Dessau verticals are responsible for 
a lumber ammonia yield than is possible with other benches, this 
increase amounting to from 30 to 50 per cent. The comparative 
yields of ammonia in horizontal, inclined, and vertical retorts, 
ULsing the same coal, at the Berlin Gas Works, are given in 
Table XXXI. 

Table XXXI. — Ammonia Yields 

Yearly average for 1908 'i^etfoJ'rfcKl 

Horizontal benches with charging and discharging machines.. 4 . 8 

Inclined benches 5.4 

Inclined and vertical benches 5.8 

Vertical benches onlv 6.2 

NTo claim is made for increased tar yield, the yield being from 

^ to 6.6 per cent, by weight of the coal carbonized, but the 

quality of the tar is said to be superior, the tar being in the 

shape of a brown oil which does not thicken in the hydraulic or 

tar mains. A distillation test made on the tars produced from 

tbe same coals in vertical and in horizontal retorts, gave the 

following analyses: 

Table XXXII. — Tar Analyses 



Constituent 



Ammonia liquor 

light oU 

Medium oil 

Heavy oil 

Anthracene oil . . 

Pitch) 

Residue 



Vertical retort, 
per cent. 


Horixontal retort, 
per cent. 


2.17 


3.50 


5.85 


3.10 


12.32 


7.68 


11.95 


10.15 


15.96 


11.54 


49.75 


62.00 


2.00 


2.03 



r 
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period, when the production of coal gas is greatly decreased, 

the heat, which otherwise would be wasted, is effectively applied 

ia tflie production of water gas. The fuel consumption for the 

production of 1000 cu. ft. of straight coal gas in the Dessau 

vertical is from 27 to 30 lb., this amount being reduced to from 

2B to 26 lb. with the production of water gas. 

All authorities, however, do not agree as to the economy of 
producing water gas in verticals, as from the figures prepared by 
Herr Prenger,^ after taking into consideration all circumstances 
and conditions, and making all possible allowances, it would 
seem that the cost of water gas thus made is 64 per cent, greater 
than when made in special generators. 

Dr. R. Geipert^ arrives at a somewhat different conclusion, 
and he gives the following comparative estimate on the cost of 
producing 141 million cu. ft. of water gas by means of an inde- 
pendent plant, and by admitting steam into the retorts. 



Independent Plant 

6 per cent, interest and depreciation on £4250 £ 255 

Repairs 350 

Wages, IJ^d. per M 400 

Coke, 40.7 lb. per M at £1 Os. 4d 2608 

£3613 
Approximately $17,340.00 

Steam in Retorts 

6 per cent, interest and depreciation on 1 .7 settings at £2000 per 

setting £ 200 

Repairs at £150 per setting 255 

Wages for 1.7 settings 85 

Coke as furnace fuel per M 15 . 6 lb. 

Coke in retorts per M 14.7 1b. 

Total coke per M 30. 3 lb. 

Total coke used, 1907 tons at £1 Os. 4d 1940 

£2480 
Approximately $11,900.00 
Saving per M by admission of steam to retorts 1.9d., about 3.8 cts. 

* London Jnl. of Gas-Ltg., 1908, page 441. 

* London Jnl. of Gas Ltg., 1909, page 296. 
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independent generators: 

36.7 lb. of coke at £1 Os. 4d 4.0d. 

Wages 0.3d. 

Total 4.3d. 

About 8.5^ 

vertical retorts: 

14.51b. of coke at £1 Os. 4d 1.6d. 

2.8 lb. of scurf at £2 10s. lOd 0.7d. 

Total 2.3d. 

About 4.5i 

Assuming that the plant operates 300 days per year, producing 
340 mil^on cu. ft. of water gas during this period, thus requiring 
115.9 settings instead of 14, the total cost would be: 

3n independent generators: 

Interest and depreciation on £4250 at 6 per cent £ 255 

Repairs 75 

Mfg. charges at 4.3d. as above 2508 

Total £2838 

Approximately $13,622.00 

In vertical retorts : 

Interest and depreciation on £2500 X 1.9 at 6 per cent £ 285 

Repairs for 1 .9 settings 285 

Wages *. . . ... 95 

Mfg. charges at 2.3d. as above 1341 

Fuel consumption for 1.9 settings 1159 

Total £3165 

Approximately $15,192.00 

or a difference of £327 ($1570.00) in favor of the independent 
w-ftter-gas generator. 

DESSAU VERTICALS AT PROVIDENCE, R. I.» 

This installation consists of two stacks, each containing six 
^^ches of ten retorts, in use, and a third stack which had not 
"^Ji fired. The retorts are each 13 ft. 2 in. long, 22>2 in. by 
^ ^- at the top, and 27 in. by 14 in. at the bottom, the retort walls 

*^8 3 in. thick at the top, increasing to 4 in. at the bottom. 

* O. D. Miller, Proc. A. G. I., 1911, page 493. 
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ifc iilie extreme bottom of the retort; the amount of coke burned 
ia t^he producers per square foot of grate area per hour varied 
from 14 to 16 lb. 

DESSAU VERTICALS AT MARIENDORF, GERMANY 

E. KoERTiNQ^ reports that the setting at Mariendorf differs 
from the ordinary Dessau type in that it contains eighteen retorts 
instead of twelve, the required ground area being the same in both 
instances, but the retorts in the new setting being of smaller cross- 
section and arranged in three rows of six instead of two rows. 
The coal carbonized contained 2.91 per cent, of moisture on dry- 
ing at UO^'C. (230**^), 4.28 per cent, of ash, and 92.81 per cent, of 
combustible, the ultimate analysis being 60.82 per cent, of carbon 
and 31.99 per cent, of volatile matter, the resultant coke being of 
good quality and containing 6.59 per cent, of ash. 

The results given below were obtained during a test run of 105 
hours, these results being compared with those secured in May, 
1908, with a twelve-retort setting, the gas being corrected to 60°F. 
and 30-in. barometer. 



Coal carbonized per 24 hours, lb . 
Gas made per 24 hours, cu. ft. . . . 
Coke used as fuel, lb 

Yield per 2240 1b 

Gross calorific value, B.t.u 

Candle power, No. 2 Met. burner 



18 retorts 



12 retorts 



43,792 


30,800 


262,898 


190,183 


5,185 


4,341 


13,430 


13,815 


542.6 


536.7 


10.0 





The charge during this test run was lOj^ hours on the setting 
of 18*8, and steam was admitted for 2 hours. 



DESSAU VERTICALS AT COLOGNE, GERMANY 

This plant consists of twenty-four benches (1908) of ten retorts 
each, the retorts being 4 meters ( 13. 12 ft.) long. Ruhr coal is car- 
bonized, the charges being burned off in 11 hours, steam being 
admitted into the retort during the last 2 hours, the entire installa- 
tion of 240 retorts requiring eighteen men per 24 hours, with two 

> London Jnl. of Gas Ltg., 1910, page 27. 
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extra men for cleaning ascension pipes and hydraulic main, as 
well as two men on the coke conveyors, or twenty-two men total, 
the gas make per man being 154,000 cu. ft. The furnaces are 
equipped with water-cooled grates to facilitate clinkering, which 
requires about 50 minutes every 32 hours. Scurf is removed 
every 30 to 35 days, requiring 11 hours in burning off; thus only 
one charge is missed during this period. 

The results given by test runs under different conditions, and 
with and without steam, are given below: 



Length of test in hours, 
Admission of steam . . . . 



Charge worked off in hours 10 

Total coal used, tons 25 . 35 

Coke for fuel, per cent, of coal carbonized 15 . 60 

Coke for fuel, lb. per M 29 . 90 

Per cent. COi in flue gas 18.70 

Yield per ton, 60** and 30 in 11,931 

Specific gravity of gas . 44 

Candle power^ 12.35 

Calorific value per foot 575 . 40 

Dry coke obtained, per cent, of coal 

Tar and liquor, per cent, of coal 



50 
None 



Composition of Gas by Volume : 

Carbonic acid 

Heavy hydrocarbons 

Carbonic oxide 

Methane 

Hydrogen 

Nitrogen 



72.74 
21.62 

1.10 
3.50 
8.90 
28.74 
53.73 
4.03 



Analysis of the Coal Used : j 

Test number 1 and 2 



Coal proper, per cent, by weight 

Ash 

Moisture 

Gas 

Coke 



Average Composition of Coal Proper: 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 



B.t.u. per pound. 



85.78 
11.32 
2.90 
28.45 
71.55 

85 . 32 
5.45 
8.02 
1.31 
0.90 
13,025 



50 


44 


8th to 


9th to 


10th hour 


11th hour 


10 


11 


25.95 


20.40 


17.28 


17.23 


29.01 


28.08 


18.48 


18.36 


13,069 


13,618 


0.45 


0.45 


9.47 


8.20 


553 . 10 


547.30 


71.30 


71.87 


17.30 


14.04 


2.3 


2.0 


3.0 


2.6 


12.0 


13.0 


26.2 


22.9 


52.5 


56.1 


4.0 


3.4 


3.00 


4.00 


88.32 


84.03 


9.23 


13.24 


2.45 


2.73 


27.34 


30.74 


72.66 


69.26 




-•«••••* • 
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Average CompK>sition of Cold Coke Used for 
Heating Retorts: 

Test number 

Oombustible 



1 and 2 

74.87 



(on moist coke) " 13 . 01 



Al^oist 



ure. 



12.12 



irogen 
gen.. 

-■^ •^ 'fcx^)gen . 

^^XjDhur. . 



Elementary Analysis of Coke' Used: 

rl)on 74.17 

0.64 
0.46 
0.86 
0.79 



10.49 

i^sture 12.59 

-11. dry per pound 12,622 

-11. moist per pound 11,084 

I 



3.00 
73.26 
15.52 
11.22 



4.00 
75.58 
11.52 
12.90 



Illuminating i>ower given in candles per cubic foot, measured in an Elster 
*"^er at the rate of 5.3 cu. ft. 



'ar yield was an average of 4.16 per cent, by weight of the coal carbonized. 



CompoBition of tar hyd'°main 

^^^<;ific gravity 1 . 143 

V^^xter, per cent 3 . 000 

^-■^f^lit oil (to 170°C. = 338°F.), per cent 2.000 

^icidle oil (170°C. to 230°C. = 446°F.), per cent. ... 11 .000 

^^«vy oil (230**C. to 270*^0. = 518°F.), per cent .... 12 . 500 

:^5»t:hracene oil (270'*C. to 380'*C. = 716°F.),per cent. 29.500 

^tch, per cent 42.000 



From 
condensen 

1.095 
1.500 
5.300 
20.000 
11.300 
30.700 
31.200 



The temperatures during test run averaged something over 
1300**C. (2372°F.) in the lower combustion chamber; 80° to 90°C. 
(176° to 194°F.) less at the middle of the height of the retorts; 
^^d about 550°C. (1022°F.) for the waste gases. 

The ammonia yield amounted to 0.256 per cent, of the weight 

^f coal carbonized, or about 22 lb. of sulphate per ton, while the 

®^lphur in the gas averaged 146 grains per 100 cu. ft. The 

cyanogen in the gas at the inlet to the condenser amounted to 

79.8 grains per 100 cu. ft. 

^R. Thomas Holgate gives the following very interesting 
^^ults obtained with Dessau verticals:* 

^London Jnl. Gas Ltg., 1908, Stipt. 8, page (HO; Sept. 15, page 707; Sept. 
^» page 785; Sept. 29, page 840; Oct. 13, page 117. 
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Table XXXIII 



DzasAC 



ZmcH 



Mabikj«i»oi 



Steam 



None Slicht None Copious None CopM» 



I 



13.12 
1.161 



I>enKth of retort, ft 13. 12 

Coal per day. tons ' 1.161 

Temp, of settinss "C, baae 

Temp, of settings **F-, base 

Temp, of settinss **C., higher level 

Temp, of settings ®F., higher level j 

Coal used New Pelton 



Yield per ton, cu. ft 11,259 

C. P. per 5 cu. ft ' 16.45 

Cal. value, B.t.u., gross 604 

Cal. value, B.t.u., net 543 

Coke produced, per cent 

Coke fired, per cent : 16 . 25 

Matter volatilised, per cent 

Grofls B.t.u. per pound of matter vols- . 
tilised i)er ton 



11,680 

15.37 

596 

535 



13.12 
1.182 
1.330 
2,426 
1.204 
2,200 



;i3 



I 



12 
1.119 
1,378 
2.436 
1,243 
2,270 



Saar 



16.25 



12,180 
9.11 
591 
527 
69.3 
13.9 
30.7 

. 10,463 



13,820 
6.23 
561 
500 
67.2 
15.0 
32.8 

10,548 

I 



16.4 
1.277 
1,288 
2.350 
1,209 
2.210 



I 



16.4 
1.14 
1,3» 
2.37 

2.34* 



Sileaian 



11.400 


13.811 


15.9 


12.1* 


585 


53 


523 


48 


64.04 


63.7. 


14.60 


14. 1< 


35.96 


36.2 


8.274 


9.14. 



Table XXXIV. — Comparison of Effect of Steaming 



Dessau 



ZCBICH I Maukndoi 

I 



1 . Decrease in candles per ton 

2. Decrease in candles per ton, per cent 

3. Increase in gross B.t.u. per ton 

4. Increase in gross B.t.u. per ton, per cent 

5. Increase in net B.t.u. per ton 

6. Increase in difference between gross and net 
B.t.u 

7. Ratio of line 3 to line 6 : 

8. Increase in gross B.t.u. per pound of matter 
volatilized per ton 

9. Increase in gross B.t.u. per pound of matter 
volatilized iter ton, per cent 



1.138.0 
3.0 

160.844.0 
2.3 

135.163.0 



25,681 . 
6 




26 



4.972.0 

22 A 

554.640.0 

7.7 

496.012.0 

58.628.0 
9.46 

85.0 

0.8 



2.666.0 

7.3 

749.970.0 

11.2 

677.472.0 

69.498.0 
10.75 

870.0 

10.5 



HoLGATE states that the first significant fact to be noticed i 
that the 5-meter (16.4 ft.) retorts while having a length amount 
ing to 25 per cent, more than the others, distil only 10 per cent 
more coal, and that the advantages here appear to lie in permittin 
a lower oven temperature with a greater suitability for makin 
water gas. The table shows that the 4-meter (13.12 ft.) retort 
were operated at a higher temperature than the 5-meter, this fac 
probal)ly accounting for the higher calorific and lower illuminatin 
value in the former, although in regard to the candle power, i 
must l^e remembered that this was measured with a Carpente 
- at Mariendorf, and with a flat-flame burner at Zuricl: 
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upon the results of dry distillation, except that it adds a quantity 
of water gas to the coal gas already formed. 

He assumes ethylene and benzene to be the unsaturated hydro- 
carbons, and calculated Table XXXVII on this basis for the Wood- 
ALL-DucKHAM continuous and the Dessau intermittent retorts, 
using figures given by Messrs. Broadberrt and Coleman cal- 
culated to a 100 per cent, basis, and others received from Mr. 

H. W. WOODALL. 

Table XXXVII. — Calorific Value per Ton of Coal at Nine Elms Gas 

Works (Steamed) 



Calorific value 



Volume, 
cu. ft. 




LiiKS 



CO 

H, 

CH4 

Simple combustibles. . 
Complex combustibles 
Total combustibles. . . . 

Non-combustibles 

Observed values 



020.54 

5.695.94 

4.354.26 

10.970.74 

357.78 

11,328.53 

1.094.47 

11.423.00 



314.824 
1.959.403 
4.659.058 
6.933.285 

478.277 
7.411.562 


314,824 
1.640,431 
4.171,381 
6.126.636 

466,250 
6.592.886 


1 

1 


318.972 
487,677 
806,649 
12,027 
818.677 


7.411,562 


6.592.886 


818.676 



1 

2 
3 

4 
5 
6 

7 
8 



Table XXXVIII. — Calorific Value per Ton of Coal at Dessau Gas 

Works, Second Day (Steamed) 



Volume, 
cu. ft. 



Calorific value 



Gross 



Net 



Difference 



lane 



CO 

Hi 

CHi 

Simple combustibles. . 
Complex combustibles 
Total combustibles. . . . 

Non-combustibles 

Observed values 



804.5 

6,753.4 

3,317.3 

10,875.2 

348.1 

11,223.3 

456.7 

11.680.0 



275,139 
2,323,169 
3,549.511 
6.147,819 

809,568 
6,957,387 


275.139 
1.944.979 
3.177.973 
5.398.091 

846.816 
6.244.907 




378.190 
371.538 
749.728 
37,248 
712,480 


6.957,387 


6,244.907 


712.48rf 



1 

2 
3 

4 
5 
6 
7 
8 



An examination of these two tables shows that using English 
Coal, the Woodall-Duckham retorts at Nine Elms produce 105.23 
cu. ft. of combustible gas per ton of coal more than the Dessau, 
and 637.77 cu. ft. more of incombustible gas. Mr. Holgatb also 
states that the amount of methane (CH4) at the Nine Elms works, 
as compared with the Dessau plant, is a notable feature, but fig- 
ures received from the South Metropolitan works, London, show 
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that in this particular, l^orizontal retorts exceed either of the 
above. 

A comparison of calorific value and candle power, f6r various 
retorts, is shown in Table XXXIX. 

Table XXXIX 





Not steamed 


Steamedw 




Gr. B.t.u. 
per ton 


Candles 
por ton 


Gr. B.t.u. 
per ton 


Candles 
per ton 


Mariendorf vertical 

Dessau vertical 


6,669,000 
6,799,310 
7,198,380 
7,807,748 


36,252 
37,049 
22,192 
40,398 


7,415,970 
6,957,387 
7,753,020 


33,586 . 
35,904 


Zurich vertical 


17,220 


Poole vertical 




Nine Elms vertical 


7,411,562 


39,306 


NoTTiNQHAM horizontal 


7,734,881 


37,460 











The burners used in the above candle-power tests were the 
Metropolitan No. 2 at Mariendorf, Dessau, Poole, and Nine 
Elms; a flat flame at Zurich; and a London No. 1 at Nottingham. 
If a proper allowance is made for the difference in test burners 
used, on the basis of 15.6 with the London Argand to 17 with the 
No. 2 Metropolitan, the candles per ton amounting to 37,049, 
with the verticals at Dessau, become 40,820 candles per ton. 

Table XXXVII plainly shows the superiority of the Woodall- 
DucKHAM retort at Nine Elms in the matter of methane content, 
the comparison being made because the amount of water gas 
was probably not very divergent. 

Table XL. — Calorific Value per Ton of Coal, Bright Orange Heat, 

Nottingham Horizontals 



Volume, 
cu. ft. 



Calorifio value 



Gross 



Net Difference 



Line 



CO 

Hi 

CH4 

Simple combustibles. . 
Complex combustibles 

Total combustibles 

Non-combustibles 

Observed values 



1.676.0 

5.765.3 

3.685.8 

11.127.1 

541.5 

11.668.6 

337.4 

12,006.0 



573,192 
1,983.263 
3,943.806 
6.500,261 
1,234.620 
7,734,881 


573,192 
1,660,406 
3,530.996 
5.764,594 
1,146,897 
6,911,491 




322.857 
412.810 
735.667 
87.723 
823.390 


7,734,881 


6.911,491 


823.390 



1 

2 
3 
4 

5 
6 
7 
8 
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A series of temperature determinations in the center of Woodai-^-^ 
DucKHAM vertical retorts made by Messrs. R. Ross and J- ^• 
Leather,* Burnley, England, are given below, the tests haviX^R 
been made with a 25-ft. pyrometer. The average results 



Depth below 
rodding holes 



Temp., 



Temp., 



Depth below 
rodding holee 



Temp.. I Teis3-1 



21ft. 4 m. 
19 ft. 4 in. 
17 ft. 4 in. 

15 ft. 4 in. 

16 ft. 8 in. 
15 ft. 6 in. 
13 ft. 6 in. 



1636 


890 


1640 


893 


1661 


905 


1233 


667 


1112 


600 


1373 


745 


1355 


735 



11 ft. 6 in. 
9 ft. 6 in. 
7 ft. 6 in. 
5 ft. 6 in. 
3 ft. 6 in. 
2 ft. 6 in. 




Woodall-Duckham Verticals at Derby, Conn. — In 1912 a* 
setting of four benches of four retorts each was built at Derby^ 
Conn., each retort being 24 ft. 8 in. long, with a cross-section of 
30 by 20 in. at the bottom and 24 by 9 in. at the top. An 8-day 
test made on this installation gave the following results: 

Yield per pound of coal 5 . 42 cu. ft. 

Candle power, Sugg D burner 15.57 

Candle feet . 84. 40 

B.t.u., Junker's calorimeter 615.00 

B.t.u., by analysis 645 . 00 

Ammonia, per gross ton of coal, lb 5 . 88 

Tar, per gross ton of coal, gal 12 . 66 

The composition of the gas was: 

Benzol 0.55 Carbonic oxide •. . 6.90 

Carbonic acid 1 . 49 Hydrogen 45 .02 

Illuminants 3.98 Methane 37.33 

Oxygen . 28 Nitrogen 4 . 44 

The size of coke obtained from the retorts was: 



By weight, 
per cent. 



Large coke 
Fine coko . . 
Dust 



^ London Jnl. of Gas Ltg., 1913, page 



90.96 
3.74 
30 



5 



By measure, 
per cent. 



93 . 70 
3.06 
3.24 



Pounds per 
bushel 



29.86 
37.64 
50.26 



720. 
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I II 

Coal carbonized, long tons 42 . 9 43 . 4 

Gas made, cu. ft. (a). , 524,00d 548,; 

Gas made per ton, cu. ft. (a) 12,214 12,( 

Candle power (6) 16.83 15. i 

Calorific value, gross, B.t.u.'s (6) 599.4 593.8 

Calorific value, net, B.t.u.'s (6) 536.2 526.3 

Carbonic acid 1.3 2.: 

Sulphuretted hydrogen 1.1 2.1 

An analysis of a sample of the gas from the second test collected betwee "^^ 
12.00 P.M. one day and 6.00 p.m. the next, had the following composition: 

Carbonic acid 2 . 20 

Illuminants 2 .88 

Oxygen 0.27 

Carbonic oxide 7 . 41 

Methane 36.05 

Hydrogen 45 . 85 

Nitrogen 6 . 32 

Candle power 16 . 40 

Calorific value, gross, B.t.u.'s (c) 607 

Calorific value, gross, B.t.u.'s (d) 609 

Calorific value, net, B.t.u.'s 543 

(a) Measured with carbonic acid and sulphuretted hydrogen in gas. 

(h) Gas tested with carbonic acid under London regulations. 

(c) Boy's calorimeter. 

(d) By calculation. 

The lower yield in the first test is explained by the fact that th^ 
plant was just being started up. 

The Glover- West Vertical Retort, — The usual construction of 
this system divides the setting into two sections of four retorts 
each, so arranged that only half of the retorts in each setting need 
be in operation at a period when the total carbonizing capacity 
is not required. A producer is provided for each bench, the gases 
from the producer ascending through flues to the combustion 
chamber, an independent flue being provided for each half of the 
setting. The retorts have an oval cross-section, being 20 ft. long, 
and measuring 36 in. by 22 in. at the bottom, and 30 in. by 10 in. at 
the top. The bottom of each retort is provided with a chamber 
about 3 ft. deep, built of cast iron, so arranged as to form the re- 
generator portion of the bench. The waste gases ascending from 
the combustion chamber pass around the upper portions of the 
retorts on the way to the waste-gas flue. Fig. 44 is a diagram- 
matical section through the setting and typical retort house. 

The bottom of each retort is provided with a coke extractor 
consisting of a slowly revolving vertical worm, this worm being 



162 



COAL AND COKE 



08 
O 
o 

£ 

M 

ao 



s 



I 



n 



O 



CQ 

H 

H 

3 

O 



S 



O M O Q 
•75 C t^ O 

^ ec QC «-" 

CO 



§ - J. ?§ o - o II S o S - ?2 Sg S ^ 
• co^ • •ooo 

^- «ft "♦ r- fj 2 



8§^SSSS 



M O W O t* •— 



N - t •-• ^ 00 

• OC i-N . 

O Q ^ t» N C^ 

f-« - lO lO ® 



CO -H 



o 

SCO -v 



^ O fH 00 GO 

• • • • • 

0» 1-1 M t^ »-• 

M •-« CO eo 



« ;::5 



CO 



In. 

CO 

CO 



^ CO 



CO 

CO 



~ CO N 



^ wo 00 



« o o 



CO 



t-4 ^-t t» 



S "S 



o o 

• CO 
^ OS ^ 

o> ^ 



S I^ ^ ^ » **• 



CO 






OO 



M 00 ^ Q MO 
f^ Oi ^ CO Oi 



c* 



« 1-1 

CO 






S ^ ^ n S o 

^ Jz; CO ea ^ e« 
CO »o 



8 o o T S 
CO «-• r* 4 o 



vH O CO CO 00 o 




o 

CO 



o o> 

CO ^. R. o 00 o> 

• CO c< • • • 

S^ r-i t^ 00 «0 CO 

X 1-1 t» •-■ o 

1-1 _r iQ to ro 



04 






ooK:f2 



SCO 



-* 1^ o ^ c>i CI © 

© I.H O -4 N 1-^ 



00 
»^ 

CO 
CO 



© — « s ^ •-• 

• iZ • • • ' 

o Z CO o o r« 

CO »o 




H 



o 



I 

a 

c 

e8 



s 



s 



C^ CO CO o 
O kO CO 1(0 



^ 1-1 eo CO 

CO 



O CO 
C« CO 



•o 

d 
11 



CO 



<=t o i? » ^ 

^ CO 



CO •-• to o^ 

00 t-i iC © _ 

- »o ^ o 



S8 

o ^ 



^ Q ^ © 



l> 


«M 






t* 


<o 


1^ 


CO 


r* 


« 


o 


<* t* 


CO 


O 'J' 


© 


N 


M 


■n> 


h- 


lO 


CI 


^ 


t* 


© M 


© 


^ © 


»o 


o 


CI 


CI 


c« 


C4 


o 


CO 


o 


® y 




CO 


CO 


CO 




CO 










>-• 


CI iQ 




lO 
























'^ 
























«^ ::: 



» =t « CI « 



o o 



© ^ 1-1 t* « f 
CI »o ^ oc CI 

^ • UO »0 



r^ o 

OJ «© » 

00 ^ 2 

• O i~* • 

^ ^ CO © «o ^ 

o © 

^ CO- 



CI 

to »o t» 

• • • 

CO O 

^ 1-1 CO CO 



9i a 

O if 

— fl 

•i| 

IS OQ 



a 



. ■•J 

.2 2 

- o 



^ 



3 



o 

CO 

c 
d 

o 



CI 

d 

G 
eg 






3 

3 §-.-« 



- W JO 









o 

e8 
c 



t3 

3 

•s 

o. 



las 



a 



^ >^ 3 3 

4, (J) "J "J 

Oi ^ "3 IS 

fl, o > > 

B s -C -C 

08 «8 tf 

oooo 






H 

o 



•o 

o 



o p O © 00 
^^ .^ N »^ f 1^ 

CI Z CO © ^ "i 
CO »!5 




§8 

.s ■ 

OB .«4 

k a 

lEs 

♦* *• Si 






"S -c 



c o 5 •- 

5 ft S.T> », 

ft • « s * 

- c • § ft 

Si 08 *1 3 O 



g 



a 
o 



C 

3 
ft 



CQ 



4) 
ft 



O 
■*' 3 



a 

o >, 

*^ w 

u O 

ft fc 

1 1 

ft ;s 

OQ OQ 



r .9 



o 

ki 
3 

ft 

3 

00 



a 



z 



c 

0) 



08 



a 

o 

.o 

hi 
08 

o 



^4 

o g 

< & 

o 



e 

b 

ft 

c 

i 

St! 

•A V c b e 
^ M « ». *' 

ft . ft 



c 
o 



K 





•o e 
o o 



« 2 o S a 

9 Si » >v .t: 



CARBOSIZATIOS IN RETORT RESCUES 1G3 

first to a horizontal combustion chamber, located approximately 
on a level with the bottom section of the retort, the secondarj* air 
being admitted at this point, in consequence of which most of the 
combustion takes place at this point and before the gases como 
into direct contact with the retorts. The gases from this com- 
bustion chamber pass around the lowest section of the retort.*^, 
being directed by suitable baffles through a vertical winding imth 
^ the top, thence passing downward through the recuperators and 
out to the stack. A branch pipe, located between the valve at 
the top of the stack and the benches, leads to a turbine driven 
blower by means of which carbonic acid and other products of 
combustion may be drawn in from the stack, and thus be forced 
Under the producer grates, while a second blower, located on the 
®^nae turbine shaft, forces the secondary air to the recuperators; 
^ by-pass is shunted between this latter line and the outlet of the 
carbonic acid blower for the purpose of mixing primary air with 
the products of combustion. This whole arrangement is governcni 
by Valves so that the mixture of waste gas and air can be reguhited, 
*^d thus control the percentage of carbonic iivid in thci gas(»H 
Emitted under the grates. It is claimed that by varying this 
Percentage the temperature of the entire setting can In? niiHcul or 
lowered with remarkable accuracy. Controlling valv(is are 
l^ated in the blast pipes which conduct the ''primary mixtun»" 
^ the grates and the s(;condary air to the recupc^nitors, for th(5 
P^upose of controlling the temperatures of the individual H(»ttingH; 
the volume of air and gas is measured by means of Vkntuhi nM^terH. 
This arrangement obviates the necessity of inside dami)erH, and 
provides close regulation. The temperature? in the? hottest j)or- 
tion of the producer should be about 245()°F. (IMrc.), and in a 
*^t run of 30 days the minimum temp<jrature, measured with a 
Wanner pyrometer, was 2318°F. (1270*'(\), the maximum being 
2570^F. (1410^0, with an average of 2443^F. fl34(r(:.). The 
producers are not supplied with water pans, and no steam is a<i- 
'^tted under the grates. 

Pboximate Analthem of (>>al {'hku 

A* rr^^ivtui, I>ry \rtUM, 

ptrr cent. p^r fjrut. 

Moisture 2 lit 

Volatile :j:j w :u r,i 

Fixed carfxin r,7 VJ .Vs 77 

Ash r, r,r, am 

The sulphur being 1.14 and 1.10 rtr^if^'MyAy . 
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Result op Test 

Coal as charged, pounds 6,113,728.0 

Per cent. HjO in coal 2 . 20 

Dry coal carbonized, in pounds 5,979,495 . 

Ratio of total coke to coal, as charged, per cent. . . 70.6 

Ratio of total dry coke to dry coal, per cent 71.6 

Bench fuel as charged, coke, pounds 848,522.0 

Ratio of bench fuel to coal, as charged, per cent. . 13.88 

Ratio of bench fuel to coal, dry, per cent 14. 19 

Gas (corrected for temperature, barometer, and 
holder pressure) per pound of coal, as charged, 

cu. ft 5.314 

Ditto, dry, cu. ft 5,434 

Candle power on Sugg D burner 16.71 

Total gas made (corrected for temperature, barom- 
eter, and holder pressure) cu. ft 32,491,200.0 

Candle feet per pound of coal, as charged 88 . 80 

Candle feet per pound of coal, dry 90 . 80 

NHa produced per net dry ton, pounds .*. . . 7.30 

Tar (including 2 per cent. H»0) produced per net 

dry ton, gallons 14 . 70 

Average specific gravity of gas . 4355 

The tar produced was thin and easily handled, and it contained only 
traces of naphthalene. The analyses of this tar gave: 

Specific gravity 1 . 127 

Moisture (by volume), per cent 3.4 

Free carbon, per cent 3 . 74 

B.t.u 15,944.0 

Tar Distillation Test 

Up to 170°C. (338**F.), per cent 8.00 

170** to 225°C. (437°F.), per cent 12.30 

225° to 270°C. (SIS^'F.), per cent 10.30 

270° to 360°C. (680°F.), per cent 23.00 

Residue, per cent 48 . 50 

U. G. I. Verticals at Hartford. — This installation consists of 
seven benches each of nine retorts, three retorts being placed in a 
row. The producers are located in the rear of the bench, Fig. 
45, and are charged with hot coke from a hand car, this setting 
also making use of the CO2 return system. 

A test run on these benches gave the following results: 

Proximate Analyses of Coal Used 

Moisture, per cent 1 . 25 

Volatile, per cent 36.60 

Fixed carbon, per cent 55 . 88 

Ash, per cent 6 . 27 

The sulphur amounted to 0.876 per cent. 
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Fig. 45. — VoiUd Gm Improvement Co. 'a verticals at Ilarlfunl. 
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■ '.OKE 

- >- charger enters the retort, the 

^.-.ulon chain pushes the hot coke 

•• ..-J. the charge being laid with a 

^ .T. eiici of the retort and a minimum 

- .: !<.Tence in depth being about 2 in. 

*.o construction of the charger links, 

« <ivles of the retort, nor is the coal of 

ho cross-section, a slight depression 

:■: 'w The time recjuired to lay a charge 

I rv^tort, including the time requii-ed to 

•■c.>rt to retort, is about 120 seconds. 

^ r:.u*liine has given some excellent results 

♦ !*;ivor in this coimtiy. The o[)eration 

. -^ iu* installation of high-pressure hydraulic 

i-i, and other accessories, making the in- 

. , 'Mvo :i^ compared with others. This ma- 

v- 'Wnn the retorts in a manner similar to a 

.. X. '»kcs of the machine rake being required to 

s- -v'tort, but the operator is so located on the 

^ =oi inconvenienced by the hot coke. 

. i lunibcr of other machines in use, but those 

» <erve to depict the apparatus types in gen- 

HN Ol*KRATION OF SILICA BENCHES 

.X N *»vKKK recommends that the following method 
V-. ,»iHM*ating coal-gas benches constructed of silica 

., i -v coal-gas bench will depend largely upon the 

.» ♦ .li it has been dried out, after construction is 

i '^1 uiH>ii the method exercised in bringing the 

. |in»pcr t(Mnpcrature, or heat; and this statement 

.\ uuc of benches constructed of silica, the latter 

. , , u» i|uit(» some chance of damage if the heating-up 

.».. \i !»\»l be a slow and gradual one. 

,.'»!\cclion, Hakku advisees that, l>efore starting the 

. • vV »'*'**• *''^''*' should be exercised to see that all flues 

• o'M lint or any obstructions left ])y the masons; the 

..M»n'» should be clean, and they should contain the 

'^vtlw *'i water, the body of the main being so levelled 
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that each dip-pipe will have the same amount of seal. The seal, 
when commencing operations, may be an inch or more, but after 
gas has been made for a few days this seal may be decreased to 
about }i in. Care should also be exercised to see that the gas 
take-off, the tar and ammonia overflows, as well as all connections 
to wells, and water and steam lines to the hydraulic mains and 
furnaces, are all in proper operating condition. 

The joints between the bottoms of the ascension pipes and the 
bells should be provided with a clearance of not less than 1 in. 
to permit of expansion, and these joints should be free and open 
until the heat of the bench has been raised to the charging tem- 
perature. Baker recommends that the joints be made by plac- 
ing a ring of asbestos packing, or yam, in the bottom of all mouth- 
piece bells, the packing material being made by mixing spent 
lime with fire-clay, the ring holding this material in place. 

All the necessary tools required in the proper operation of the 
benches should be conveniently at hand, and the charging and 
discharging apparatus should be in proper operating condition. 

In order that all heat may be conserved, and in order to prevent 
any sudden retort temperature changes, a common brick wall, 
about 4 in. thick, may be laid dry on the clay head of the retort, 
just inside the mouthpiece of each retort, plastering the wall up 
with mud, but leaving one brick in the center of the wall loose in 
order to provide an inspection opening, and for the purpose of 
giving an outlet for any accumulated gases. 

Baker divides the "drjang out" period into two parts, each 
of 6 da3rs' duration; during this first period the stoppers should 
be removed above and below the floor line; the dampers and air 
registers should all be closed; the furnace doors and filling doors 
should be partially open; the mouthpiece lids should be unlatched; 
and the ash pan should be kept full of water. During this first 
period no steam should be admitted under the grate, and an 
active fire, not more than 12 in. deep, should be kept on the grate. 

The fuel used should be of clean coke, hot coke l>eing preferable, 
and the fire should be so repleni.shed as to keep it burning freely, 
thus eliminating any possibility of an explosion of unbumt gases. 
Care should be taken to keep the grate free of ashes and clinkers, 
to maintain a uniform fire, and to avoid covering the entire fire 
with cold fuel. 

In the second period of this process, the stoppers should be 
put in at and below the floor line; the dampers should be opened 
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nearly constant throughout the chamber, a difference of 150°F. 
(66**C.) between front and back being the limit. The bottom 
i^aste-gas flue in a full-depth bench should exhibit no color, and 
it should have a temperature of less than 900°F. (480°C.), while 
in a half-depth bench this flue will probably show a red color 
and have a temperature of about 1200°F. (650°C.). When it 
becomes necessary to raise the heat, the primary air slides should 
be., opened about }i in. every 4 to 6 hours, and the secondary 
air and dampers should also be adjusted if necessary. If the 
heats are to be reduced, this operation should be reversed. 

Baker warns against adjusting dampers and air slides at the 
same time, as this may cause confusion to arise when an attempt 
is made to determine which adjustment caused the resulting 
change in the bench, advising that only one adjustment be made 
at a time, and then waiting several hours to note results before 
any further adjustments are made. 

When a bench is to be shut down, the last charge of coal in 
the retorts should be a heavy one, and it should remain in the 
retorts until the bench is cold. All primary air should be shut 
off, and the secondary air dampers should be closed gradually 
until the fire is out, this requiring from 4 to 6 days. The bench 
should now be closed tight all over, and it should be permitted 
to cool by radiation. The tie-rods should be watched closely, 
and. they should be tightened if necessary, while the mouth- 
pieces, ascension and bridge pipes should be cleaned immediately 
on shutting down. If the benches are supplied with one hy- 
draulic main in common, the dip pipes should be plugged in order 
to prevent the escape of gas from adjoining benches. 



CHAPTER MI 
COMBUSTION AND THE HEATING OF SETTINGS 

The tenu ** combustion" refers to the rapid chemical action 
rosultiiig in the combination of such elements as oxygen and 
c^irU>n, hydrogen and sulphur, this combination being acoom- 
piiuioit by the production of heat and light. In this combination 
wo tiuii that the substance which combines with the oxygen is 
tho combustible, but the ox>'gen and nitrogen contained in the 
YiJatile matter of the fuel, while not being combustible, have, 
thixmgh custom, been given this name, and therefore the t^rm, 
** combustible," in its present accepted sense, applies to that por- 
tion of the fuel which is dr}' and free from ash, thus including 
ikXYgeu and nitrogen. 

Perfect combustion is sectued when the combustible is oxidized 
tiMhe highest possible degree, or when carbon is completely con- 
vert tnl into carlx)n dioxide (CO2); if the carbon should be con- 
verttnl into carbon monoxide (CO), the combustion would be 
imivrfeet, l>ecause the CO can be burned into COj. 

In onler to produce combustion, or the imion of the oxygen 
with the combustible, a certain degree of heat, or a kindling tem- 
(vrature is required, the approximate kindling temperatures for 
various substances being given below: 



Kixi 


DLlXii TEMPERATrRES 




IJsnito dust . . . 


300^F. 




149''C. 


l>rioil peat . 


43o^F. 




224 ^C. 


Anthracite dust . 


570 F. 




300=C. 


Anthracite. 


750" F. 




400C. 


Hituminoiis civd 


IHXVF. 




31o'C. 


tVke . , 


Reil heat 




Red heat 


Sulphur. . 


471VF. 




243C. 


i\Hrhon nuMioxide 


rjiiF. 




655 C. 


Hydrv^Mi 


lOSO-F. to 


1290' F. 


555-C. to 700X 



The chief elements to Iv considereil in the matter of combustion 
Hr\> i^xygtMi v^^^» carln^n i^C hydn>gen .H\ sulphur (S>. and 
nitrogen ^N^- The oxygen is taken frv^m the air entering the 
furuaiv; it has a density of 1.10521 ^air being 1): a weight of 

1S6 
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0.088843 lb. per cubic foot at 32®F. and atmospheric pressure; 
and an atomic weight of 16. One pound of air contains 0.2315 
ib. of oxygen, or 1 lb. of oxygen is found in 4.32 lb. of air. 

Carbon is found in all fuels, and it is the most abundant of all 
combustibles; its atomic weight is 12. 

Hydrogen is found at times in small quantities in some fuels as 
a free constituent, but in most cases it is found in combination 
^itli the carbon. It has a density of 0.0692 (air being 1); a 
^w^eight of 0.00559 lb. per cubic foot at 32°F. and atmospheric 
pressure; and an atomic weight of 1. 

Sulphur is found in a lesser or greater degree in nearly all coals, 
it t)eing present in most cases as either sulphide of iron, or 
sulphate of lime, it having no heating value in the latter form. 
Sulphur has an atomic weight of 32. 

Nitrogen has no useful effect in combustion, it being a neces- 
sary evil emanating from the air drawn into the furnace; it has a 
dilxient effect on the required oxygen, absorbs heat and thus 
^6<iiice8 the temperature of the products of combustion. It 
has a density of 0.9701 (air being 1); a weight of 0.07831 lb. per 
cnl>ic foot at 32'^F. and atmospheric pressure; and an atomic 
weight of 14. Each pound of air at atmospheric pressure con- 
tains 0.7685 lb. of nitrogen, and 1 lb. of nitrogen will be found 
ii^ 1.301 lb. of air. 

The combination of these various elements to produce com- 
bustion requires definite proportions of each, these proportions 
al'Ways being the same, the quantity of heat produced by this 
^ion also being invariable, no matter whether the combustion 
^ completed in one or two stages, as will be seen by the following 
'^^ctions : 

^O'tbon to carbon dioxide: 

^^^bining elements. Molecular weights. Lb. of elements. 
C + O2 = CO2, or 12 + 32 = 44, or 1 + 2.666 = 3.666 

^<^Tbon to carbon monoxide: 
O + = CO, or 12 + 16 = 28, or 1 + 1.333 = 2.333 

^^^rbon monoxide to carbon dioxide: 

Oo + O = CO2, or 28 + 16 = 44, or 1 + 0.571 = 1.571 

^^ble XLIII gives the combustion data for carbon, hydrogen, 
^^tliane, sulphur, etc. 
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I the amount of oxygen introduced as aqueous vapor, and conse- 
quently a reduction in the amount of air supplied to the fuel in 

. the furnace must be considered when making combustion calcu- 
lations under this latter condition. 

During complete combustion the hydrogen will be converted 
into water vapor, but not all of the hydrogen given by the fuel 
anal3r8is is available for heat production, because the oxygen given 
by the analysis is united with a portion of the hydrogen in the 

\ form of water, and was therefore already in combination before 

: .combustion was eflfected. As the combining weights of the two 
dements in water are 1 and 16, the weight of the combined hydro- ^ 

1 gen will be one-eighth that of the oxygen, or the hydrogen avail- 
able for combustion will be H — q • 

o 

The heat of combustion of the fuel used can be determined with 
the aid of Dulong's equation, or 

14,544C + 62,028 (h - g) + 4050S (35) 

in which C represents the carbon, H the hydrogen, the oxygen, 
and S the sulphur constituents, by weight, of the fuel. If the 
fuel should contain carbon monoxide this equation would have to 
l>e altered by adding the term 10,150C, in which the proportion- 
ate weight of carbon which is converted into carbon monoxide is 
represented by C ; if the weight of the carbon monoxide is known, 
the equation is altered by adding 4350CO. 

The following example is presented in order to show the deter- 
mination of a fuel's heating value, assuming that the fuel has 
the following analysis: 

Hydrogen 4 . 25 per cent. 

Carbon 75 . 31 per cent. 

Oxygen 6 . 60 per cent. 

Sulphur 3 . 35 per cent. 

Nitrogen 1.18 per cent. 

Ash 10.31 per cent. 

100.00 per cent. 
Applying these figures to Dulong's equation, we have 

1*.544 X.0.7531 + 62,028 (o.0425 - 5:^|^) + 4,050 X 0.0335, 
equivalent to 10,953 + 2,202 + 136 = 13,291 B.t.u.'s. 
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The amount of oxygen required to produce combustion with 
above fuel is given by: 

C X 2.666 + (H-g)Hx8 + Sxl C 



or 



0.0560\ 



0335 



0.7531 X 2.666 + (o.0425 - "^g— ) 0.0425 X 8 + 0. 

equivalent to 2.008 + 0.012 + 0.0335 = 2.0535 lb. 

The amount of air required to furnish this amount of oxyi 
will be 2.0535 X 4.32 = 8.871 lb. and as the total weight of c(^ 

bustible amounts to C + (h - A + S, or 0.7531 + 0.0355 

0.0335, or 0.8221 lb., the amount of air required per pound 

combustible will be ^ oooi = 10.79 lb. 

If it is desired to produce perfect combustion with this quan- 
tity of air, it would be necessary to bring each particle of the^^ 
contained oxygen into direct and intimate contact with the fuel, 
which, as stated before, is not possible in practice, and as much as 
50 per cent, excess air is required at times. A low supply of air 
does not permit of burning the carbon to dioxide, but monoxide 
results, and thus reduces the available calorific value. Too much 
air is also harmful, because it acts as a diluent to the products of 
combustion and 'also reduces the available temperatiu^ by ab- 
sorbing heat which is carried away with the waste gases. 

As air is a perfectly elastic body, it will be self-evident that the 
density of the atmosphere will decrease in a geometric ratio with 
the altitude, and consequently the weight and volume of air will 
depend upon pressure and temperature, or 

Pv = 53.3!r (37) 

in which 

P = the absolute pressure, in pounds per square foot. 
V = volume occupied by 1 lb. of air in cubic feet. 
T = the absolute temperature of the air, in degrees F. 

In accordance with equation (37), we find that the weight of 1 
cu. ft. of air will be given by 

W = ^ (38) 

V 

As an example of weight determination, we will assume the air 
to be under a gauge pressure of 59 lb. to the square inch with a tern- 
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perature of 110°F. Under these conditions the absolute pressure 
wiU be 

P = 144 (14.7 + 59) = 10,613 lb. per square foot; the absolute 
temperature will be 

r = 110 + 461 = 571^ and 

V = — ' r».o — = 2.868 cu. ft., making the weight of 1 cu. ft. 

This same procedure holds good for nitrogen, hydrogen, and 
oxygen, but instead of the constant 53.3, the constant 54.926 
should be used for nitrogen; 770.322 for hydrogen; and 48.257 
for oxygen. 

Table XLIV gives the volume and weight of air at atmospheric 
pressure, and at various temperatures*. 

Tabl£ XLIV. — Volume and Weight op Air at Atmospheric Pressure 

AND at Various Temperatures 



Temperature 




Volume of 

1 lb. in 
cubic feet 



Weight of 1 

cu. ft. in 

pounds 



Temperature 



T. 



Volume of 

1 lb. in 
cubic feet 



12.840 
12.964 
13.000 
13.216 
13.342 

13.467 
13.503 
13.718 
13.845 
13.970 

14.006 
14.346 
14 . 508 
14.840 
15.100 

15.352 
15.603 
15.854 
16.106 
16.357 

16.606 
16.860 
16.010 
17.111 



0.077884 
0.077133 
0.076400 
0.075667 
0.074050 

0.074260 
0.073565 
0.072804 
0.072230 
0.071580 

0.070042 
0.060608 
0.068500 
0.067342 
0.066221 

0.065140 
0.064088 
0.063072 
0.062000 
0.061134 

0.060210 
0.050313 
0.050135 
0.058442 



110 
116 
121 
127 
132 

138 
143 
140 
160 
171 

182 
103 
204 
218 
232 

246 
260 
274 
288 
300 



230 
240 
250 
260 
270 

280 
200 
300 
320 
340 

360 
380 
400 
425 
450 

475 
500 
525 
650 
575 



17.362 
17.612 
17.865 
18.116 
18.367 

18.621 
18.870 
10.121 
10.624 
20.126 

20.630 
21.131 
21.634 
22.262 
22.800 



Weight of 1 

cu. ft. in 

pounds 



0.057506 
0.056774 
0.055075 
0.055200 
0.054444 

0.053710 
0.052004 
'0.052207 
0.050050 
0.040686 

0.048476 
0.047323 
0.046223 
0.044020 
0.043686 



315 


600 


344 


650 


370 


700 


400 


750 



23.518 


0.042520 


24.146 


0.041414 


24.775 


0.040364 


25.403 


0.030365 


26.031 


0.038415 


26.650 


0.037510 


27.013 


0.035822 


20.172 


0.034280 


30.428 


0.032865 
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intention being to secure fuel economy by utilizing the carbon 
content of the flue gas. 

Before any heat calculations can be made, it is necessary to 
know the specific heat of the substances under consideration, and 
specific heat may be defined as the ratio between the quantity of 
heat required to raise the temperature of the unit weight of any 
substance through l^F., as compared with the amount of heat 
necessary to raise the same weight of water through the same 
. range of temperature. The specific heat of gases varies, and 
it is necessary to make a distinction between specific heat at 
constant volume and at constant pressure; the specific heats of 
various gases are given in Table XLV. 

Table XLV. — Specific Heat op Gases 



Gas 



At constant 
pressure 



At constant 
volume 



Air (at freezing point) . 

Oxygen 

Nitrogen 

Hydrogen 

Carbon dioxide (CO2) . . 
Carbon monoxide (CO) 

defiant gas 

Blast-furnace gas 

Chimney gas (approx.) . 

Sulphurous acid 

Coke 

Ashes (approx.) 

Firebrick (approx.) 

Superheated steam 



0.2375 


0.1685 


0.2175 


0.1551 


0.2438 


0.1727 


3.4090 


2.4123 


0.2170 


0.1535 


0.2479 


0.1758 


0.4040 


0.1730 


. 2277 




0.2400 




0.1550 




0.2000 




0.2000 




0.1000 




. 4805 


0.3460 



In the usual gas producer practice the specific heat at constant 
pressure only is considered, and as carbon dioxide and water vapor 
enter into these calculations to a great degree, it is^ necessary to 
know the specific heats of these substances at various tempera- 
tures; these heats are given in Table XL VI. 

Bench settings are provided with furnaces or producers which 
are usually classified as "direct-fired'' and "gaseous-fired," 
these two classes being further subdivided with reference to the 
admission of air, the subdivisions for the direct-fired producer 
embodying, first, those which are provided with a full supply of 
air under the grate; and, second, tUose with a partially con- 

13 
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trolled air supply. The gaseous-fired producers consist of, first, 
those in which both primary and secondary air are under the 
control of the operator; second, those producers which are 
supplied with secondary air, the lattei* being heated by contact 
with the hot walls of the producer; third, those in which the 
secondary air is heated through the medium of the waste gases; 
and, fourth, those in which both the primary and the secondary 
air supply are heated by the waste gases. 

Table XL VI. — Mean Specific Heats op Carbon Dioxide and Water 

Vapor 





Temperature 












Carbon dioxide 


Water rapor 




*>C. 


*>F. 







32 


0.184 


0.420 




100 


212 


0.192 


0.438 




200 


392 


0.200 


0.456 




400 


752 


0.215 


0.492 




600 


1112 


0.228 


0.529 




800 


1472 


0.240 


0.565 




1000 


1832 


0.251 


0.602 




1200 


2192 


0.261 


0.638 




1400 


2552 


0.270 


0.674 




1600 


2912 


0.278 


0.711 




1800 


3372 


0.286 


0.747 




2000 


3632 


0.293 


0.784 




2200 


3992 


0.300 


0.820 




2400 


4352 


0.306 


0.856 




2600 


4712 


0.312 


0.893 




2800 


5072 


0.318 


0.929 



In the direct-fired bench, with a full supply of air under the 
grate, the entire amount of air required for combustion is ad- 
mitted into the furnace beneath the grate bars, combustion 
being completed on the grate, no means being supplied admitting 
of air control. In the second classification of this class of bench 
the furnace is so modified that the primary air is placed under 
partial control, this modification not only improving the fuel 
results, but also leading to a better distribution of the resultant 
heat, due to the fact that a lesser amount of the products of com- 
bustion require heating up than is the case with the first class. 
Some of the producers or furnaces of the second class have also 
been constructed in such manner that the secondary air is 
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and, while the formation of both carbon dioxide and carbon 
monoxide is exothermic, the dissociation of steam is endothermic, 
this latter quality causing a temperature reduction of both the 
fuel bed and the gas. Due to this condition the rate of gas pro- 
duction and the operating temperature of the producer, is under 
control when a regulated air and steam supply is available. 

The reaction producing hydrogen and carbon dioxide is the 
one which governs producer operation to the greatest degree, 
and the heat absorbed by the steam in the above two reactions 
is shown in Table XLVIII. 



Table ? 


CLVIIL- 


-Absorption of Heat by 


Steam ^ 


L 


Reaction 


HiO + C = Hs + CO 


2H2O + C = 2Ha + CO, 






Relation of weights 


18 + 12 = 2 -h 28 


36 + 12 = 4 + 44 


Process 


H,0,lb. 


CO, lb. 


B.t.u. 


H,0,lb. 


CO, lb. 


B.t.u. 






Heat absorbed in 
decomposing steam 
at 212**F 


18 

18 
18 




-104,580 

- 19,944 
-124,524 


36 

36 
36 




-209,160 
- 39,888 


Heat in steam 
above water at 
70**F 


Total heat absorbed 


-249,048 


Heat developed by 
the oxidation of C 
bv of steam 




12 


-f 53,400 


1 

12 

1 


+ 175,776 








Net heat absorption 


18 


12 


- 71,124 


36 12 


- 73.272 


Heat absorption 
per pound of steam 


1 


1 

1 

- 3,951 


1 




- 2,a35 


Heat produced per 
pound of C to CO- 
(2C + Oj = 2C0) 
Allow a total heat 
loss of 33 per cent, 
for radiation, ashes, 
etc 




1 


4,450 
1,483 


1 




4,450 
1,483 








1 




Net heat produced 






2,967 






2,967 













^ R. D. Wood Company. 
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The maximum pounds of steam decomposed per pound of 

carbon burned by air will then be by reaction HjO + C = H» + 
CO 

4450 - 1483 ^ ^^ , 

3951 = ^'^^^ "^^ 

by reaction 2H2O + C = 2H2 + COi 

4450 - 1483 _ 
2035 " ^^ 

Under all ordinary conditions it may be stated that there is a 
definite relation between the amount of steam and air admitted 
iiito a producer to secure the maximum operating condition, but 
this relation must be determined for each individual case. The 
following test report shows the effect of steam on both the quality 
and quantity of gas produced.^ 

Producer temperature 1850°F. (1010**C.) 1050°F. (566°C.) 

Steam decomposed per pound of carbon 0. 5 lb. 0. 98 lb. 

A^ir required per pound of carbon 47 . 5 cu. ft. 47 . 8 cu. ft. 

Volume of gas per pound of carbon.. . . 77 . 2 cu. ft. 87 . 2 cu. ft. 

B.t.u. per cubic foot of gas 176. 9 156.8 

^mbustible in gas 51 . 5 per cent. 45 . 5 per cent. 

A^nalysis: 

CO from air 25 . 7 per cent. 23 . per cent. 

CX) from steam 12 . 9 per cent. 

H from steam 12.9 per cent. 22 . 5 per cent. 

Co, from steam 11.2 per cent. 

^ from air 48 . 5 per cent. 43 . 3 per cent. 

It may also be stated that the amount of water vapor which 

p^^y be decomposed, as well as the composition of the gas evolved, 

'8 a function of the temperature and the time of contact, and for 

^^y given gas velocity and depth of fuel bed, or "time of contact," 

*he activity of H2O + C = H2 + CO becomes greater, and the 

fctivity of 2H,0 + C = 2H2 + CO2 becomes less with an 

increase in temperature. With temperatures below 1100°F. 

(5H^C.) the reaction 2H2O + C = 2H2 + CO2 becomes active, 

^^^ the reaction H2O + C = H2 + CO does not occur when 

*'^^e of contact" is determined by practical operating conditions. 

l^^rmediate temperatures up to 17Wto ISOO^F. (925°to982°C.) 

*^ favorable to the production of carbon monoxide, but at the 

*^^W temperature and above, the production of carbon dioxide 

^y the reaction of water vapor practically ceases. 

* H. D. Wood Ck>MPANT. 
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Table XLIX shows the effect of temperature on the reactions 
between steam and carbon.^ 

Table XLIX. — Relation Between Temperature and Steam Reactionb 



Temi>erature 


Steam 

decomposed, 

per cent. 


Composition of gas by volume 


Centigrade 


Fahrenheit 

• 


COi 


CO 


Ht 


364 

758 

838 

954 

1010 

1060 

1125 


690 
1400 
1540 
1750 
1850 
1940 
2050 


8.8 

25.3 
41.0 
70.2 
94.4 
96.8 
99.4 


29.8 
27.0 
22.9 
6.8 
1.5 
1.3 
0.6 


4.9 
7.8 
15.1 
39.3 
49.7 
48.0 
48.5 


65.2 
65.2 
61.9 
53.3 
48.8 
50.7 
50.9 



The general eflfect of steam admitted into the producer is shown 
in Table L. The statements tending to explain the presence 
of methane in small quantities found at times in producer gas, 
employ the carbon-hydrogen reactions. Recent experiments 
made by Vignon indicate that this constituent is more or less 
dependent upon the time of contact with the fuel. Under 
ordinary operating conditions these reactions need not be taken 
into account, as the quantity is usually negligible; this would also 
apply, owing to the lack of definite knowledge, to those higher 
hydrocarbons resulting from the decomposition of fuel high in 
volatile matter, as would apply to producers operating on bitu- 
minous coal. 



Table L. — Effect of Steam 


IN Producer 




Gas 


Excess of steam 


Moderate 


Great 


Maximum 



Temperature, **F 

Temperature, °C 

Carbon monoxide, CO, per cent 
Carbon dioxide, COj, per cent . . 

Methane, CH4, per cent 

Hydrogen, H,, per cent 

B.t.u. per cubic foot 



1472 


1292 


800 


700 


23.5 


16.4 


5.3 


8.9 


3.3 


2.6 


13.1 


18.6 


151 


135 



932 

500 
11.5 
15.0 

1.9 
24.6 

129 



^ Carpenter and Diederichs. 
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the latter being then removed from the water trough by means 
of the scraper. 

I^g. 62 shows the method in which the fuel bed is controlled; 
this oblong and polygonal shaped grate is placed eccentrically 
upon the rotating trough, it being built up in a tower-like form, 
Md in this manner the air blast and steam supply are brought 
into intimate contact with the entire area of the fuel bed, which 



Fig. 64. — Section through Kcrpcly producer. 

* ^''der in surface than with the usual grate fixotl at the center, 
^ clifterence in the length of the dimensions (a) and (6) adding 
^-Kis effect. Fig. 63 shows the built-up grate section and the 
^^Hod of distributing air blajit and steam. 
■The air and steam supply arc provi<le<l with individual con- 
e's, and are distributed through the duplex supply to the cen- 
***! and outer portions of the grate, this construction securing 
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Table LII. — Results or Vienna Tests on Kerpelt Producbe 

Analyses of fuel and gases 
Coke used: ash 10 per cent.; moisture 12 per cent. Calorific power 5700 eal. 

Average 



Capacity 



Date 



Combustibles 



Kilos Pounds 



COi CO H 

I 

1 



22 Sept.. 1909. day.. 

22 Sept.. 1909. night. 

23 Sept.. 1909, da>-.. 
23 Sept.. 1909. night. 



4.500 
6.000 
6.000 
7.200 



9.900 
13.200 
13.200 
15.^10 



I 



Lump coke. 



I 



! ' I 

f 5.00 25.508.80 

J 3.90 26.408.50 

j '5.60 25.10 7.80 

5.60 24.10 9.10 



Average capacity* per 24 hours. 1 1.$50 26.070 Average analysis 5.02 25.30 8.55 



24 Sept.. 1909. da>- j 

24 Sept.. 1909. night 

25 Sept.. 1909. da.v 

25 Sept.. 1909. night 



I ? 



7.S0O 


17.160 


\ 


3.6029.209.10 


S.250 


1S;.150 


^« lump coke and 


3.50 28.20 7.90 


7.5iOO 


17.160 


' *4 coke breeae 


4.30 27.00 8.00 


7.500 


16.500 


< 


4.10 27.80 8.70 
4.00 27.80 8.00 
3.60 28.00 7.50 
4.50 25.80 8.80 
4.30 26.00 8.00 
4.50 25.80 8.80 



Average capacity per 24 hours. lS.67o 34.4^ .\Terage aaalysit 4.0427.268.31 



S^Sepc.. IAV.d«y. 
S6Sn>3.. 19lie^. night.... 



6.30O 13.$60 ' •) lump c«4e and 
;Ss.4a) 1^4^ . 4) eoke bnvse 



No analysis 
on Sunday 



Avvrsge capacity per :M hvXLT? . 14.7IGO 3:::.;3t40 Avenge 



27 Sef<< . lAV. day &.S50 

ST S*p5,. l«^ oight ».!»> 

»Sep(. 19l^day 1:1AW 



i».4;o 

19.:!VO 
1«.400 



Coke 



3.80 27.40 8.50 


4.40 25.80 7.80 


3.30 27.40 7.60 


4.2026.50 7.90 


3.30 27.60 6.60 


3.40 27.70 8.20 


3.70 27.709.10 


3.40 27.00 7.60 


3. 10 28.00 8.50 


3. TO 26.50 7.30 



Awc^Kge «i«ij>^'^'.v 7^ -^^ - -'-^^ lAiKV 4^r^ A^nnrage axaiai^w» 3.63 27.27 7.91 





i-.:.:'^! 

i;.:^:«« 




rcAie 


3 00 2$. 308. 40 

4 (0O2$ 907.20 
j; 3k>» 909.40 


T*«S» 








3 «>25 90$. 70 










a *>i7 »7.70 



Vw. -^iv .vio.^*-'.." .vc .^* I'.**..-* A". 5*.' vT*. *.t4 .\^<9n4r{ 4a.K«^M» 



i li^iC S4S.28 



:o:::;vr:A:,;::\* v^: :ho w^'.^^t .e.^v::*^ :r.^^ ji^^-r: v:i5 <Jjchtiy more 
t'^cvv, i»^^'\\ IvyK . Ar.i v.o: »•.:>.>: a:: .i::ud: ^r.-^^ tiwi :iLa: a small 
a:v,v^v:v.: s^c >:<'a:v. >*:*> :t\;u:r;\:. : r.-t sr-Al>>c> ."" :be i»5 showed 
i.vi*-$:vi<«kK'e uu^^rvvvcxi:::. Wixil^ bwtiir^ :i< 5cr«ned coke 
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breeze the percentage of carbon dioxide was slightly reduced, the 
heat in the producer was increased, and the resultant ash again 
had a dirty appearance, while the water leaving the jacket had a 
temperature of from 65** to 80^C. (149^ to 176°F.). 

The depth of the fuel bed was kept normal during the entire 
test, and, after the various tests were completed, it was decided 
that the gasification of coke breeze would be most advantageous. 

The steam was accurately measured, the consumption amount- 
ing to 18.02 kg. per 100 kg. of coke (0.18 lb. per pound of coke). 

An efficiency test made on the Kerpbl y producer at the Vienna 
works on April 1, 1911, covering a period of 24 hours, showed the 
following results: 
Tonnage of coke breeze gasified: 

Producer No. 1.— 9,205 kg. = 20,251 lb. 

Producer No. 2.-10,840 kg. = 23,848 lb. 

Producer No. 3.-11,565 kg. = 25,443 lb. 

Total 31,610 kg. = 69,542 lb. 

Analysis of coke used: 11.75 per cent, moisture; 15.80 per cent. 

ashes. 
Water vaporized in the water jackets: 43,061 liters = 10,185 gal. 
Average pressure of steam: 5.36 atmos. = 78.8 lb. 
Temperature of feed water': 45.9°C. = 114.6°F. 
Averagetemperatureof producer gas: 284.4°C. = 543.92°F. 
Highest temperature of producer gas: 360°C. = 680°F. 
Lowest temperature of producer gas: 133°C. = 271.4T. 
Average analysis of gas: 2.6 per cent. CO2; 0.4 per cent. O; 26.8 

per cent. CO; 6.8 per cent. H2; 63.4 per cent. N. 
Average analysis of coke: 0.9 per cent. S; 0.7 per cent. N; 0.3 

per cent. H2; 1.0 per cent. O. 
Calculated calorific power: 5636 calories. 
Total calorific power of coke gasified: 178,153,960 calories. 
Production of steam required: 26,247,402 calories. 
Calorific power of gas: 981 calories per cubic meter. 
Gas produced from 31,610 kg. of coke (69,542 lb.) amounted to 

139,753 cubic meters (4,935,238 cu. ft.). 
Calorific power of gas produced: 137,097,693 calories. 
Specific heat of the gas: 0.31. 
Lost heat of the gas: 12,321,183 calories. 
Gasification required 0.18 kg. of steam per kilogram of coke 

gasified. 
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Calories in coke 178,153,960 

Calories in steam 3,739,322 

Total heat supplied 181,893,282 calories 

Heat required for steam production 26,247,402 

Calorific power of gas produced 137,097,693 

Heat retained in gas 12,321,183 

Total heat produced 175,666,278 calories 

175,666,278 

The total efficiency therefore being = 96.57 per cent. 

181,893,282 

The total efficiency being divided into: 

For steam production, per cent 14 . 43 

Available gas, per cent 75 . 37 

Heat lost in gas, per cent 6 . 77 

the lost heat being due to cooling the gas down to atmospheric temperature 
for cleaning purposes. 

From this data it is readily seen that the actual eflfective effi- 
ciency of the producer was 89.80 per cent. The total heating sur* 
face of the three boilers in the producer top amounted to 180 
square meters (1937.5 sq. ft.) and 9.97 kg. of steam were produced 
per square meter of heating surface»(2 lb. per square foot), and 
1.36 kg. of steam were produced by the gasification of 1 kg. of 
coke, or 1.88 kg. of steam per 1 kg. of coke substance free of ash 
and moisture. 

The producer plant at theLropoLDAU works in Vienna, consists 
of twelve machines, each having an average capacity of 15 tons 
of coke breeze in 24 hours, a cross-section through this plant being 
shown in Fig. 65. The dust is removed from the gas by means of 
water disintegrators^ located ahead of the exhausters, this treat- 
ment preventing the deposition of dust in the heating flues of the 
settings, thus avoiding damage at these points due to fusion be- 
tween the dust and firebrick material. 

Mr. C. J. Ramsburg^ in comparing the results secured with 
** built-in'^ producers and the Kerpely producers at Vienna, pre- 
sents some very interesting data. He states that, according to 
P^ucHENE, the B.t.u.'s necessary to carbonize 1 lb. of coal are: 

» St»e "Cleaning of Blast Furnace Gases," 1914, McGraw-Hill Book Go. 
* American Gas Institute, 1914. ** Carbonization in Bulk," Koppebs 
Ovens. 
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per pound of coal pass through the retort, the latter being m 
up by: 

B.t.u.'t 

Gaseous vapors 330 

Sensible heat of coke 443 

Endothermic reactions 36 

Decomposition of coal *. 466 

1276 

From this must be deducted the heat formed in exothe 
reactions, leaving a total of 1275 — 549 = 726 B.t.u.'s; the h 
lost amounts to: 

B.t.U.'8 

Flue gases 603 

Radiation 495 

Clinker 19 

Total 1117 

Consequently 1843 B.t.u.'s must be expended in order 
secure the benefit of 726 B.t.u.'s, thus showing an eflSciency o; 
approximately 39 per cent. 

EucHENE, as will be explained later, secured these figures o 
a "stop end bench" which consumed 296 net lb. of coke per net^* 
ton of coal carbonized, a high percentage of carbon dioxide bein^ 
found in the outgoing fine gases, the bench fuel account thui» 
amounting to 14.8 per cent. 

Ramsburg also calls attention to the fact that these results 
were secured under perfect test conditions, the usual operating 
conditions probably requiring a higher fuel account. As re- 
gards the Kerpely producer, operated at the Leopoldau works 
in Vienna in connection with seventy-two Koppbrs ovens, 
divided into blocks of nine chambers each, five blocks having 
been in use during the testing period, he gives the following 
from Prof. Bunte^s figures: 

Per cent. 

Calories in coke 381,230 mill, calories = 97.93 

Calories in steam under grate 11,690 mill, calories = 2.97 

392,920 mill, calories » 100.00 
The heat returned from this amount was: 

Calories in gas from 312,330 mill, calories = 79.48 

Heat contents of the gas 2,032 mill, calories = 0.52 

Heat contents of water vapor in gas 7,245 mill, calories ■» 1 .86 

Water evaporated 60,969 mill, calories = 15.51 

Carbon in ashes 2,512 mill, calories = 0.64 

Carbon in flue dust 1,345 mill, calorics = 0.34 

Total 386,433 mill, calories = 98.35 

Unaccounted for 6,487 mill, calories = 1.65 

392,920 mill, calories « 100.00 
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It is readily seen that from 381,230 million calories introduced 
into the producer as coke, 312,330 million calories were returned 
as cold, uniform producer gas ready for the oven battery, all 
operations having been performed without the necessity of re- 
sorting to outside sources for heat or power, and consequently 
the net eflSciency of the producer plant amounted to 81.9 per 
cent. 

The tests showed that in order to carbonize 966,250 kilos 
(2,130,214 lb.) of coal, 527,525 cubic meters (18,629,000 cu. ft.) 
of gas were required, the gas having a heating value of 1216 
calories per cubic meter (136.7 B.t.u.'s per cubic foot); conse- 
quently each kilo of coal required 663 calories in the form of gas 
C1194 B.t.u.'s per pound of coal). 

Using the same 726 B.t.u.'s required for the carbonization of 
1 lb. of coal, as given above, Ramsburg deduces the following: 
Heat necessary to carbonize 1 lb. of coal = 726 B.t.u.'s. 
Heat necessary in producer gas = 1194 B.t.u.'s. 
Heat efficiency of Koppers ovens = 60,8 per cent. 

Heat in coke necessary to produce 1194 B.t.u.'s in producer 

1194 
= Q^q = 1458 B.t.u.'s. 

Overall heat efficiency of carbonizing system = Ta^ ~ ^ 

cent., as against 39 per cent, with horizontal stopnend retorts 
^^c>xking with no loss in ash pan or chimney, other than that which 
P^^»^ains to ideal conditions. 

'Xranslating this into carbon, he finds that in the retort using 
:3 B.t.u.'s per pound of coal, there will be required 

1843^^2000 _ 

14,644 ~ ^^ '^• 

carbon per ton, or 12.7 lb. per 100 lb. of coal. In contradistinc- 
X to this, the producer operated gas oven uses 

'Z^"^ = 200.5 lb. 
14,544 

i" ton, or 10 lb. of carbon per 100 lb. of coal. 

Hamsburg then analyzes these two heating systems from the 

^^wpoint of difference in cost of fuel, and assumes that in a retort 

^al gas plant in America, with a normal gas coal, 1325 lb. of 

^^css coke are secured per net ton of coal carbonized, and that 

^t this amount 300 lb. are used in the built-in producer, leaving 
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JEtef erring to the central producer plant, he states that the breeze 

ffl&ole will amount to 120 lb. per net ton, and that this will all be 

us&<i in the producer for fuel. Assuming that 200 lb. of carbon 

ar& necessary in the producers per net ton, and that the breeze 

oonfc. -^ains 84 per cent, of carbon and the coke 87 per cent., he finds 

thar-fc, per net ton of coal carbonized, the cost of fuel will be 

120 lb. of breeze = 120 X 2^ = 9 cts. 

S4 00 
115 lb. of coke = 115 X 20^ = 23 cts. 

or a total of 32 cts. 

Tl^ ^srefore, assuming that all the steam required will be made in 

the^ producer plant, the cost of furnace fuel under these conditions 

wiVX be 

32 
jx-^ = 3.04 cts. per 1000 cu. ft. 



of ^Sas produced, a saving in the fuel account of 5.45 — 3.04 = 2.41 
ct^ . per 1000 cu. ft. of gas in favor of the central producer plant, 
^^■-^ figure being equivalent to a net saving of 57.23 — 32 = 25.23 
ct^ • per net ton of coal carbonized. 

le Slagging Type of Gas Producer. — The object of the slag- 
type of producer is an effort to obtain the advantages and to 
av^oid the disadvantages resulting in the operation of the usual 
^y^T>€ of producer at high temperatures, the slagging type being 
^^^ in which the ash is removed in the shape of a liquid slag, it 
**^g deemed possible to thus utilize fuel high in ash content, and 
^ ^xiaintain a temperature which will be ample for the production 
^ high percentage of carbon monoxide. 

The slagging or blast-furnace type of gas producerls a very early 

^'^elopment, the first one having been built by Ebelman in 1840 

^he Audincourt iron works in France, but further development 

^* not attempted until very recently, and in 1907 a batter^*^ of 

^^se producers was installed at the Gironcourt-on-Vosges glass 

^^ks, their operation being reported as very satisfactory. It is 

^Ported that the amount of heat required to fuse the ash is very 

^all, and that it is much less than the heat value of the carbon 

^^t in the ash from the usual producer. Table LIII gives the 

^^alysis of fuel used and gas produced at this plant. 
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inside the producer, and the greater the fuel surface exposed to 
the ^ases produced, the greater will be the resultant percentage 
of tt^rbon monoxide. In spite of this theory, it is practically 
imixi^ssible to produce a gas free of carbon dioxide, because certain 
teraip^erature limits are set, and within these limits the reduction 
of ci^rbon dioxide to carbon monoxide can only proceed to a 
given ratio for the temperature. It must also be remembered 
thai; the temperature within the producer exercises a very 
imi>ortant bearing upon the volatile matter produced if un- 
carbonized fuels are used, a higher temperature increasing the 
amo\int of combustible and, although a smaller quantity of gas 
per ciarbon unit is produced, this gas will contain a larger portion 
of the heat energy of the fuel. The temperature also exercises 
gre^.-t influence upon the quantity of condensible products pro- 
duc^^^ the higher temperatures tending to form soot or pitch, 
whil^ the lower ones usually produce water and tar. Large fuel 
surF^ices exposed to contact with the ascending gases tend to the 
forrti.ation of a larger percentage of carbon monoxide, and the more 
Poi"c>Tis the fuel, and the greater its depth, the better will be the re- 
sult , but the depth should never be such as to produce an exces- 
sive resistance to the passage of the air or of the gas produced. 

T*lie efficiency of the producer is usually expressed as the 
^^^^vl Effect divided by the sum of the Laterit and Sensible Heat 
^I^Xiilied. Besides the usual term ^^ Efficiency y*^ the expressions 
^^>id Gas Efficiency y^^ and ^^ Hoi Gas Efficiency ^^ are also used, 
the :f ormer being the result of dividing the usual effect, or Latent 
"^•^*-^, by the Heat Supplied; and the latter the result of dividing 
^^^ sum of the Latent and Sensible Heats by the Heat Supplied, 
*^ 'tie operation of the producer, a portion of the sensible heat 
^] ^Ixe gas produced is removed in heating water, in preheating the 
^^ tlast, etc., and, due to this fact, the real efficiency of the 
P^^^^t will always be greater than the cold gas efficiency. 

*- ^ working up the heat balance we will assume that the heat 

^\ ^^^mbustion of 1 lb. of carbon, burned to 3. 66 lb. of carbon 

^^Xide, amounts to 14,544 B.t.u.'s, and that the heat of combus- 

• tiorx of 1 lb. of carbon, burned to 2.33 lb. of carbon monoxide, 

^°^ounts to 4350 B.t.u.'s; then the heat of combustion of 2.33 lb. 

^^ Carbon monoxide, burned to 3.66 lb. of carbon dioxide, will 

"^ ^"epresented by the difference between these two amounts, or 
14,544 - 4350 = 10,194 B.t.u.'s. Also, the heat required to dis- 
i aociate 1 lb. of water vapor will be taken at 6900 B.t.u.'s. 

I 
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In order to develop a heat equation per pound of carbon 
gasified in the producer, let 

X = the portion of the pound of C burned to COi- 
I — X = the portion of the pound of C burned to CO. 

y = the pounds of water, in the form of steam, introduced 

into the producer per pound of carbon gasified. 
S = the heat supplied in the steam. 
A = the heat suppUed in the air. 
P = the heat necessary to elevate the initial fuel temperature 

to the producer temperature. 
L = radiation losses. 
G = the sensible heat of the gas. 

Then, 

4350(1 - x) + 14,544x + S + A = 6900t/ + G + L + P (40) 

The heat in the gas per pound of carbon gasified will be: 

From CO = 10,194(1 - x) 
From Ha = OOciOt/ 

the total heat available being 

10,194(1 - x) + 6900y 
The ''Cold Gas Efficiency'' will be: 

10,194(1 - x) + 69001/ 



14,544 + S + A 
and the ''Hot Gas Efficiency'' will be: 

10,194( 1 - x) + 6 900?/ + G 

14,544 + S + A 



(41) 



(42) 



The composition of the producer gas, per pound of carbon 

gasified, will be: 

28 
CO = (1 - x) X Y2 = 2.33 (1 - x) lb. 

44 
CO2 = ^ X 1 2 = ^'^^^ ^^' 

2 1/ ,, 
H2 = 2/ X ^g = I lb. 

For the determination of the nitrogen content, the quantity of 
air required for combustion must first be calculated, as follows: 
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Oxygen required: 

For CO = (1 - x) j| = 1.33 (1 - x) lb. 

•JO 

For CO, = X X Jo = 2.66i lb. 

1 £» Q 

The decomposition of water produces Vo 2/ = q y O2, and the 
oxygen content of the air supplied will equal 

Q Q 

1.33 (1 - x) + 2.66 X - g y = 1.33 (1 + x) - | y 
The air necessary per pound of carbon will be 



1.33(1 + x) - " y t X 



100 
23.5 



y 

and its oxygen equivalent will be 

1.33(1 + ^) - I 2/ 1 X 2^;3 lb. of N 

Consequently a producer gas of ideal composition, containing 
carbon dioxide, carbon monoxide, hydrogen, and nitrogen in 
proper proportion per pound of carbon gasified, will weigh 

2.33(1 - x) + 3.66x + | + 1-33 (1 + x) - 9 >' + { 1.33(1 + x) 



8 



76.5 



- Q y ^j = 8.01 + 7.01 X = 3.67y lb. 

and the volumetric composition per pound of carbon gasified, 
assuming the following unit weights, will be: 

CO = 0.07807 lb. per cubic foot. 

CO2 = 0.12267 lb. per cubic foot. 

H2 = 0.00559 lb. per cubic foot. 

Ns = 0.07831 lb. per cubic foot. 

Volume of CO : 

(1 - x) = 29.84 (1 - x) cu. ft. 



0.07807 

Volume of CO2: 

3.66x 

0.12267 

Volume of H2: 



= 29.02X cu. ft. 



91^0^60559 = ^^'^'^y '"• ^^' 
Volume of N2: 

(55.51 + 41.74X - 37.1y) cu. ft. 

15 
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-. . It'll. :lu» volume of producer gas per unit 
. •sMi ^asitieil is ccjuivalent to 

-.../) - 40.92a: - 17.23i/ 

■-••iii, uniler ideal conditions, in which x = 0, 
, 1 1> ot' the total s(»nsible heat, otG = S + Ar 
K .iiK»ve tigures in the general heat equation, of 
' Mid ;issuming P = 360 B.t.u., we will have ^ 

■i*H> ^ ^'^^* **^* hydrogen. 

^. \ i».:)78 = 11.485 cu. ft. 

. ;.. .a. ft. 

.u' production of 74.575 cu. ft. of gas per pound 

...vi I u- analysis of this gas gives: 

.I'.iJ por cent. 

•, I per cent. 

\ 1 1.0 I KM" cent. 

. iKiiic value of this gas would l>e: 

*> 2*KS4 X 4350 X 0.07807 = 10,134 B.t.u. 

i ll.lS,-> X 62,028 X 0.00559 = 3,982 B.t.u. 



i !\'i pound of carbon gasified 14,116 B.t.u. 

K V alorilic value per cubic foot will be 

l'\'ll^ = 189.3 B.t.u. 



CHAPTER VIII 
FLUE GASES 



f The proper regulation of furnace, or producer conditions is 

evidenced in the constitution of the waste gases, because, if per- 
fect combustion of the fuel is secured, the resultant waste gas 
^iil contain carbon dioxide and nitrogen, but no carbon monoxide. 
This condition requires that frequent analyses of the flue gases be 
Blade in order to determine whether the furnace conditions are 
what they should be or not, and in this manner to be able to 
^^egiilate the admission of both air and st^am to the producer in an 
attempt to secure conditions as near ideal as possible. 

Under ordinary conditions of anal}^, the relative proportions 
of carbon dioxide, carbon monoxide, and oxygen in the flue gases 
onl>r are determined, the amount of nitrogen present being de- 
termined by calculation. As was explained before, 1 lb. of carbon 
requires 2.666 lb. of oxygen, or a volume of 32 cu. ft., at 60°F., for 
its complete combustion, the resultant product being carbon diox- 
ide 'W'hich, when cooled, will amount to exactly 32 cu. ft., or the 
same as the oxygen. If, however, air is used instead of pure oxy- 
gen, thus carrying in nitrogen in the proportion of 20.91 O to 
79-09 N, the resultant volume of carbon dioxide after combustion 
witt l>e the same as that of the oxygen, plus a further increase in 
volixme due to the nitrogen. 

With complete combustion, using air instead of oxygen, the 
tes^tant flue gas would consist of 20.91 per cent, of carbon diox- 
ide, and 79.09 per cent, of nitrogen, but if more air should be used 
than is required to give the requisite amount of oxygen, we find 
that the combined volume of carbon dioxide and oxygen found 
in the flue gas will be the same as that of the oxygen before com- 
bustion; therefore, in order to secure complete combustion of the 
carbon the sum of the percentages by volume of the carbon diox- 
ide and oxygen in the flue gas will always amount to 20.91, even 
though an excess of air be admitted to the furnace. Carbon 
0ionoxide, which can only be produced by an imperfect combustion 
p- of the carbon, will occupy twice the volume of the oxygen enter- 
I ing into its composition, and therefore the volume of the flue gases 

I 227 
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Table LIV. — Densttt of Oases at Atmospheric Pressure^ 



Gas 



Qvn* Specific 



f 



air - 1 



Weight 

1 CM. ft. 

at32*'F.. 

pounds 



Cubic 

feet per 

pound at 

32«F. 



Relative density, 
hydrogen ~ 1 



Oxygen 

Nitrogen 

Hydrogen 

Carbon dioxide. . . . 
Carbon monoxide. 

Bdethane 

£thane 

Acetylene 

Siilphur dioxide. . . 
Air 




N 

U 

CO, 

CO 

CH4 

C,H, 
C,H, 
SO, 





Exact 

relative 

densities 



1.053 

0.9673 

6.0696 

1.5291 

0.9672 

0.5576 

1.075 

0.920 

2 . 2639 

1.0000 



0.08922 

0.07829 

0.005621 

0.12269 

0.07807 

0.04470 

0.08379 

0.07254 

0.17862 

0.08071 

I 



11 

12 

177 

8 
12 
22 
11 
13 

5 
12 



208 

773 

90 

151 

809 

371 

935 

785 

598 

390 



15.87 
13.92 

1.00 
21.83 
13.89 

7.95 
14.91 
12.91 
31.96 



Approxi- 
mate 
whole 

numbers 



16 
14 

1 
22 
14 

8 
15 
13 
32 



I 



* Adapted from Kent. (Stirung, 1906.) 

The weight of carbon, determined from the same gas analysis, 



is: 



Carbon in CO, 1.5336 X Hi = 4183 lb. 

^rtwn in CO 0.0468 X H = 0.0201 lb. 



Total weight of carbon 



= 0.4384 1b. 



pe 

CO 

thi 
of 

lb. 



he atmospheric air supplied to the furnace contains 23.15 
cent, of oxygen by weight, therefore the weight of air which 

%ain8 1.7220 lb. of oxygen is -^ -^ 7^; = 7.439 lb.: as 

23. lo 

amount of air was required for the combustion of 0.4384 lb. 

7.934 
«irbon, the weight of air per pound of carbon is . ^-oo, = 16.97 



the coal used in this example contained 86 per cent, of carbon, 

ir cent, of hydrogen, and 2.5 per cent, of oxygen, the air per 

POViaid of coal will have been 16.97 X 0.86 = 14.59 lb., disre- 

ga^ciing the hydrogen and oxygen; but the oxygen in the fuel 

^'^cJers one-eighth of its weight of hydrogen inert; therefore only 

tte remainder of the hydrogen is available for combustion, in con- 

®^Uence of which the air required to burn the hydrogen is: 

(0.04 - ^^) 34.62 = 0.a369 X 34.62 = 1.277 lb. 

^•^2 being the weight of air required for the combustion of 1 lb. 
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air supplied and not used. This oxygen was accompanied by 

3.782 times its volume of nitrogen, and N — 3.782 represents 

the nitrogen content in the air actually required for combustion; 

therefore, N -h (N — 3.782 O) is the ratio of the air supplied to 

that required. The per cent, of excess air is this ratio minus 1 . 



Tab 



LV.^ — Ratio of Total Air Supplied to That Theoretically 
Required for Various Analyses of Flue Gas 

N 



Ratio 



N - 3.7820 



co,-+- 

CO 


N-79 

co»+co 

+0-21 


N-79.5 
CO.-I-CO 
+O-20.5 


N-80 
COf+CO 
+0-20 


N-80.5 
COt+CO 
+0-19.5 


N-81 

co«+co 

+0-19 


N-81.5 
COj+CO 
-fO-18.5 


N-82 
COf+CO 
+0-18 


21 


1.00 
1.05 
1.11 
1.17 














20 


1.02 
1.08 
1.14 


1.00 
1.05 
1.10 










19 


1.02 . 
1.08 


1.00 
1.05 






18 


1.02 


1.00 


17 


1.24 


1.20 


1.17 


1.13 


1.10 


1.07 


1.05 


16 


1.32 


1.27 


1.23 


1.20 


1.16 


1.13 


1.10 


15 


1.40 


1.35 


1.31 


1.27 


1.23 


1.19 


1.16 


14 


1.51 


1.45 


1.39 


1.35 


1.30 


1.26 


1.23 


13 


1.62 


1.55 


1.50 


1.44 


1.39 


1.34 


1.30 


12 


1.76 


1.68 


1.61 


1.54 


1.49 


1.43 


1.38 


11 


1.92 


1.82 


1.74 


1.66 


1.60 


1.53 


1.48 


10 


2.11 


2.00 


1.90 


1.81 


1.72 


1.65 


1.59 


9 


2.35 


2.21 - 


2.08 


1.97 


1.88 


1.79 


1.71 


8 


2.65 


2.47 


2.31 


2.18 


2.06 


1.95 


1.86 


7 


3.03 


2.80 


2.59 


2.44 


2.27 


2.14 


2.03 


6 


3.55 


3.22 


2.96 


2.74 


2.54 


2.38 


2.24 


5 


4.27 


3.81 


3.44 


3.14 


2.89 


2.68 


2.50 


A 


5.37 


4.65 


4.11 


3.68 


3.34 


3.05 


2.83 


3 


1 7.23 


5.97 


5.10 


4.45 


3.96 


3.56 


3.25 


2 


1 11.06 


8.34 


6.71 


5.63 


4.85 


4.27 


3.82 


1 


23.51 


13.83 


9.83 


7.64 


6.27 


6.12 


4.64 



^ Sptirlinq, 1906. 

The heat lost in the flue gases can be found by the aid of equa- 
tion (48), or 

L = 0.24WiT - (48) 

\0 which L = B.t.u. lost per pound of fuel. 

W = weight of the flue gases in pounds per pound of 

fuel. 
T = temperature of the flue gas, °F. 
t = temperature of the atmosphere, °F. 
0.24 = specific heat of the flue gas. 
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The heat lost in the carbon monoxide in B.t.u.'s per pou: 
fuel ia given by equation (49), or 

L'- 10,150 x(5oe_Q_jxC 

in which CO and COj again represent the per cent, by volur 
cq;-bon monoxide and carbon dioxide in the flue gas, and ( 
proportion, by weight, of the carbon in the fuel. 

Diagram III is a graphic representation' of the loss of heal 
ried away by dry chimney gases for varying percentages of ca 
dioxide, and different temperatures of exit gases, while Diaj 
IV' graphically represents the heat lost due to such carbon i 



!-i 

I:! 
l:i 



fuel as is not completely consumed, but which escapes up 
ohiiunoy in the form of carlion monoside. 

T1h> usual analysis of a flue gas is generally secured by mea 
the t>rsat apparatus, shown in Yig. 66. The burette {A 
gr»ihi!)t(Hl in cubic wnUmoters up (o 100, and it is surrounde 
H WHtcr jacket for the punxK* of preventing any change in 
lM>nitur(> which might affect the density of the gas undei^ 
tumlysis. The ntost accurate anah-sb is secured with the u 
four piix'tl.'s, niarkwi iB\ (n, {/)), and (£), the first <rf v 

' Stiivm. lUl>,M,-k *n<l WiWx. Ooiu^unj-, 1913, 



- -iiiit prepared as di 

r -tie alworptinn of th( 

.-. ■■■.::•' 1 part l>y wriftht of 

■■.•T'.f acid, to which 2 ; 

•- td'iml, the solution bei 

. 'finre using this solution, 

•ill' proper solution in each 
:iiark on thn capillary tuh( 



I uiii> ihc liuretle through the U-tube ( 
I wilh spun Klass, or a siniiJar material, 
iil; iIic Kas. In oitier to discharge any a 
I In- I'lH'k (<!) shouhl be opened to the air 
laiM'il until the water flowing into the 
,■ niiirk; the cock (O) ia now turned for 
III- iiii- iipcning and thus allowing the g; 
I,. (■ lub.- U/1. the water bottle (F) being 
(liri is iiHowed to enter the burette to 
■mU, iil'ter wliicli cock (fj) is again opcne 



I 
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>\.v ^;i'ii. l>i&o to the fact that the gas pressure in the flue is less 
lull I i)uit oi the atuiOBphere^ the flue gas will not of itself flow 
iIiiuiij;Il I lie pipe connecting the flue to the apparatus, and it is 
liuuUuo ucccissary that this flow be aided. This may be done 
til .1' Ml ill ways; the gas may be caused to flow through the pipe 
til lUv iiianaor described for filling the apparatus, but this method 
1.1 :i viuy tedious one. In order to secure quicker results, a 
iuMkm l>ulb aspirator should beconnected to the air outlet of the 
nK'k \(i)i by means of which a new supply of gas can readUy be 
iliusva iuto the pipe, after which the apparatus can be filled in the 
iu;uiiior described above. 

The analysis secured by this apparatus is volumetric, and if 
.III JlUiily^dH by weight should be desired, it can be secured by 
multiplying the percentages by volume by the molecular weight 
ui' ruoh gas, and dividing the products thus secured by the sum of 
ull the products; the quotients will be the percentages by weight. 

'I'ho molecular weights of the gases ordinarily considered are: 

C^urboa dioxide 44 

^.^rkkm monoxide 28 

(.>x.Ygen 32 

Nitrogen 28 

Ta^de LVI indicates the method used in converting a volu- 
u^^t^ic Hue gas anal>'sis into one by weight. 

l'\uuhi LVI, — rox\*ERSiox OP A Flue-oas Analysis by Volume to One by 

Weight 



^'*" . volume. I veicht wSSt ''•"•^t^ per tm 

pw cent. wTa«n* I 



536.8 
ruilnax divvxide 12.2 12 -f v2 X 16> 536.8 jq^TS " ^^'^ 

11 2 
V'mUm monoxide.. 0.4 12 + 16 11.2 3022.8 " ^'^ 

Uw^iu 6,9 2X16 220 s ^^ g = 7.3 

22S1.0 

\iiu<4iou vStl o 2 X U 2254-0 ^t^Ts " ''^■^ 



luul UV 3022 S 100.0 



\ \\si\\v \\i\tiuary \Mn\linons, a hi^h pvrveniAsw of carbon dioxide 
u^ vUv^ M^H^ lE^"^ i^ t.^keu as indio^UNV of good combusuoo with a 
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(c) the same volume of gas will be collected in each equal interval 
of the sampling period, due to which, the sample collected will 
filways be representative. The time required to drain a certain 

xunoimt of mercury from the device can be varied from that when 

«x>cks (a) and (6) are completely open to a period of from 8 to 10 

Siours, or longer if desired, by attaching a short length of glass 

'Cubing, the outlet end being drawn out to a smaller diameter, 

'Ao the tube at (d) by means 

«f a rubber connection; by 

firoper trial these short glass 

"tubes can be so proportioned, 
»8 to their diameters, that the 
speed of the outflowing mer- 
cury can be regulated to any 
«3eaired rate. 

After the desired gas sample ^ 

bas been collected, the tube £ 

*bove (a) is filled with mer- " 

cury by means of a funnel the 

st^in of which has been drawn 

out to a capillary. The de- 

ViC5« is now inverted and, by 

m^sana of a rubber tube at- 
t^cihed to a reservoir of mer- 

ci*iT, the inclosed gas is placed 

uci.<der a pressure of about 100 

BLTTL of mercury. When the Fki. 68.— Stand for samplini; tubes. 

vessel is returned to the posi- 

wOB shown in Fig. 67, the eocka (a) and (fe) arc mercury scaleil, 
wt^r which there is no poaaibility of the device leaking gas. In 
order to remove the sample for analysis, the vessel is again in- 
verted and the tube above {b) is filled with mercury and attached 
to the burette of an analyzing instrument. By means of the 
**^e mercury reservoir which was used to produce a pressure on 
the gaa, the desired volume of flue gas is forced out of the de- 
^*6 and into the burette. If the gas is to be measured over 
'»ter the tube above the stopcock (6) is filled with water instead 
™ mercury. 

PftAZER and Hoffman state that in order to facilitate the hand- 
W of these vessels, they should be mounted in a portable stand 
^d in some cases it is desirable to arrange them in batteries of 
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the bottle and permitted to stand for 24 hours, at the end of 
^which time the solution is drawm off and the free ammonia is 
distilled off. Potassium hydroxide (KOH) and fine aluminum 
powder are now added and this mixture is permitted to stand for 
several hours, after which the ammbnia formed is distilled into 
standard sulphuric acid. If there should be any 
xiitric oxide present, it can readily be deter- 
imined qualitatively by introducing a solution 
of starch and potassium iodide into the bottle 
Immediately after the sample has been col- 
lected, and if the resultant blue color should 
not appear immediately, due to the presence of 
sulphur dioxide in the gas, the color will be- 
come noticeable in a short time and will soon 
become quite pronounced. The presence of ni- 
tric oxide in the flue gas is important, because 
its formation is accompanied by the absorption 
of heat. 

Frazer and Hoffman recommend the bu- 
rette shown in Fig. 71 for accurate analyses. 
This apparatus consists of the burette (A) and 
the automatic compensating device (S), the 
Pleasuring portion of the burette and the en- 
tire compensator being enclosed in the water 
ja<5ket (C). The measuring portion of the bu- 
ret.te consists of the two limbs (a) and (6), the 
graduated portions of which, 66 cm. long, are 
^^'^ted at the top in an inverted Y-shaped con- 
^©ction, a Greinbr-Friedrich two-way stop- 
cock being attached to the latter. By means 
^} this stopcock communication can be estab- 
"®^ed with either of two short, thick-walled 
tubes of small bore, one of which is connected pensator. 
y^^h the compensating device. A second Y-tube 
^ placed at the lower end of the device outside the water jacket 
vQ> each of the limbs of this Y-tube being provided with a stopcock 
*^d attached by means of rubber connections to the projecting ends 
^f the limbs (o) and (6). The lower end of this Y-tube is con- 
J^^ted with a mercury reservoir by means of heavy rubl>er tubing, 
^e tube (a) is made up of a series of 10 bulbs, each bulb having a 
Opacity of 10 ec. between the two graduation marks located im- 




Fio. 71.— Bu- 
rette and com- 
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Before taking a reading of a gas volume in the burette, it is 
necessary to stir the water in the jacket (C) and to allow a few 
minutes to elapse in order to be sure that the gas is at the tem- 
perature of the surrounding water. The gas is now nearly 
all drawn into the limb (a), and the pressure is adjusted to 
approximately that of the atmosphere, by which means the 
number oi bulbs the gas will fill completely, when at the pres- 
sure of the air in the compensator, is ascertained. After this 
has been determined, the mercury in the burette is brought 
to the exact level of the graduation beneath the last bulb 
completely filled in the trial experiment, then closing the 
stopcock at the bottom of the limb. The remaining fraction 
of a bulb full of gas is then caused to enter the limb (6), and the 
two-way cock is turned so as to establish communication between 
the burette and the compensator. The pressure of the gas in the 
burette should now be so adjusted, by means of the mercury 
reservoir, that the two surfaces of mercury in the compensator 
are on the same level, the pressure of the gas in the burette being 
then equal to that of the gas in the compensator. The stopcock 
at the bottom of (b) is now closed and the reading of the burette 
is taken. To this reading must be added the predetermined 
capacity (K) of that portion of the apparatus between the 
graduated portion of each limb of the burette and the mercury 
meniscus in the tube (/). As each constituent of the gas is 
determined by the difference in the burette reatlings, before and 
after an absorption, this constant capacity (K) does not enter into 
the determination of the amount absorbed, but it is necessary to 
apply this correction in order to obtain the initial volume of the 
gas unless exactly sufficient nitrogen to fill this portion of the 
apparatus is taken into the burette previous to the introduction 
of the gas sample. 

Frazer and Hoffman state that the reading of this burette 
Inquires some practice to secure the best results. The gases are 
measured in their moist condition, and the quantity of water 
introduced into the burette and compensator to eflfect this must 
be only sufficient to moisten the glass walls of the tubes. If there 
should be sufficient water in the compensator to drain down upon 
the mercury, the accurate adjustment of the mercury surface is 
rendered difficult; too much water in the burette tends to stop 
up the narrow tubes forming the connections between the bulbs, 
and thus interferes seriously with the distribution of pressure on 
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72, are the pot&ssium hydroxide (a); the slow oombustinii (f>); 
aod the slkalioe pjTOgallate (r); (he iv«iervoir of Iho alknliiic 
PTTogalUte pipette is located behind the stand and is pnividoil 
with a rubber bag for the purpose of preventing ai-tt^ss of air 
to the alkaline pyrogallate solution. 

Care must be taken in all cases to see that the surfaoos \t{ tlio 
liquids in the reservoir bulbs are at the same levt'l iwi tht> siirfac«>ti 
of the liquids in the correspond- 
ing pipettes when the liquids are 
brought to the marks shown at 
(*)i (f) and ig), in order to pre- 
vent a difference in pressure act- 
ii^ against the columns of the 
liquids in the pipettes when the 
Runple of gas is transferred 
from the burette to the different 
pipettes. 

BuRRELL and Sbibert explain 
the operation of the apparatus 
as follows: 

In order to perform the anal- 
ysis, the liquids in the three pi- 
pettes must be brought exactly to ' 
the marks (e), (f) and (g) on the 
capillary tubes, but if a recent 
analysis has been made, this pre- 
liminary step will not be neces- 
sary; if the apparatus has been 

idle for some time thi. iidju.t- "'"• "•^iKti™.''""''"'"'' 
xnent will have to be made be- 
fore beginning the analysis. The three-wny »tl.ii|ic<)<!k (Aj niiixt 
now be turned so as to establish communimtton hclwcrn tin' mit- 
»de air and the compensating tulx; (0. in nnlcr tliiil. tlic prcMiini 
in the tube may be equal to that of the iitinoHiihcrc, nHvr which 
it is again turned to establish commuiiiratiori )ir'l,w«Ti'n thf ('r>ni- 
pensator (j) and the column of liquid iii the riipiilary tiiln- («). 
The gas sample is now transferrird to t.\u- l>un-ltf )py ilinjtlHi-iHK 
it with mercury, as explainer! Ixtfore. The tirni A rtr 10 1'c. of niut 
<lrawn into the burette (d) from tUi: Hfiifijii'r contitiniT iim nnl, n-- 
t«ned, but are used to displace an*! thutt rcirmvt! the (lir from iImi 
connections between the burette and tlxi nHinplf! roiitniniT, an 
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the mark at (o) by raising or lowering the level bulb (n) and the 
potassium hydroxide solution in (a) is brought to the mark (e) 
by a slight movement of the mercury in the burette, after which 
the burette is read. From the contraction, the carbon dioxide 
produced by the combustion and the oxygen consumed, the 
methane, carbon monoxide, and hydrogen may be calculated 
from the following equations: 



CH4 + 2O2 
2H2 + O2 
2C0+ O2 



CO2 + 2H2O 

2H2O 

2CO2 



(50) 



.'l 



>• « » 
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Mii^ .-«.»iLiiocted by a multiphing gear to a 
-^ .. -.u move around a graduated dial. 

• iv reliable: first, because it is necessary 
, .i ■ i ■ iie expansion piece be at a uniform t^m- 
^ . ui uie reading can be secured ; and second, be- 
- -ome lost motion in the mechanism connect- 
■t.iaier. These conditions require that before 
..iu<.itT should be carefully calibrated and its 
»t' '.iioruughly understood. Unless the brass 
1 .; 'ipc :ire of the same temperature, unreliable 
.^i.ii. If the instrument is allowed to cool after 
v/v.M.'vi u» a high temperature, the needle will rise be- 
^ . k» ;iil, and conversely, a rise in temperature ^nll 
V . .^a; ws a decrease in temperature, these anomalous 
vi.ij^ viuo to the fact that the iron pipe, which is lo- 
.V 'viisivlo, will heat or cool in less time than the brass 

..;u.ii> is ustnl f or temperatures up to 2000T.( 1095^0, 

. .. V .^ 'is uamo from the fact that the process use<l is simi- 

V V .1 i miuation of the specific heat of a substance by the 

., v'.iituU'r. the only difference being that in one case the 

.. ...K' N lviu>wn and the specific heat is sought, while in the 

. v i\o s^HH'ific heat is known and the temperature is 

.Ai '.A» dv*t ermine temperatures by this method, a kno\ni 
•. •»v»:uo>^abstance such as iron, nickel, or firebrick must be 
. , V' K' unknown temperature and then plunged into water, 
^ :. ' vni^vrature of the water being recorded. 

.»,,. '■ - the temperature to be measured, 

I - the weight of the heated body in poimds, 

U - the weight of the water in pounds, 

? - the final temperature of the water, 

'. - the diflferencc between the initial and the final 

temperatures of the water, 

N - the known specific heat of the body, 

'I .V N»i ihis method of t^Mnperature determination is only 
X .X ' fc'.s' bivause errors are prone to result from many causes 
,,.s'i ^Ue oommand of the operator. 
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4. Thermo-electric pj-rometers are used for temjieratures up to 
, 29(XfF. (159o®C.). This inktniment is based on the phenomena 
produced when two ¥rires of different metals are joined at one 
end and heated, this conjunction setting up an electromotive 
force between the free ends of the wires. The amount of the 
electromotive force produced will depend upon the composition of 
the ^nres and upon the difference in temperature between the two. 
This combination between the two wires is termed a "thermo- 
couple." If a ver>- delicate galvanometer of high resistance is 
conoected to this thermo-couple, the current produced will cause 
a deflection of the needle, and if the graduated dial under the 
needle is properly calibrated, an accurate temperature reading 
will result. 

There are quite a number of thermo-electric pyrometers on the 
market, but that of Le Chatelier is probably the one most used. 
In trliis instrument the wires of the couple are of platinum and 
a lO per cent, alloy of platimmi and rhodium, these wires being 
enclosed in porcelain tubes in order to protect them from the 
oxidizing influence of the furnace gases, this protected couple 
beirt^ termed an ''element." 

A^ccuracy does not require that the entire length of the element 
he exposed to the temperature to be measured, because the elec- 
trorootive force produced depends only upon the temperature 
of tile juncture at the closed end of the protecting tube and upon 
the temperature of the cold end of the ** element." This instru- 
ment is very accurate over a wide range of temperatures, and as 

Table LVII. — Approximate Melting Points or Metals 



Temperature 



Metal 



'C. 



Temperature 



Metal — 

i 



'F. 



»C. 



Wrought iron ; 2737 ; 



Gray pig iron . . 
White cast iron 
Steel 



r2190 
I 2327 



:{ 



{ 



2550 

Cast steel 2500 

Copper 1981 

Zinc I 786 

Antimony ' 1 166 



1500 
1200 
1255 
2075 I 1135 
2460 I r 1350 



1400 

1370 

1085 

420 

630 



Lead 

Biijinuth 

Tin 

Platinum 

Gold 

Silver 

Aluminum 



621 


325 


498 


259 


449 


232 


3191 


1755 


1946 


1060 


1762 


960 


1216 


660 
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the galvanometer can be located at almost any convenient 
point, continuous readings can be easily secured, but it must be 
remembered that the length of the wires leading to the galva- 
nometer alter the resistance of the circuit, and consequently 
proper allowance must be made for this condition. 

5. The melting points of various metals which flow at various 
temperatures up to the melting point of platinum, 3191®F. 
(1755°C.), are also used for high temperature determinations. 
The approximate melting points for the various metals are given 
in Table LVII. 

Table LVII-A. — Melting Points op Seqar Cones 



Gone 

• 


Meltins 

1 


point 


Cone 
number 


Mehing point 


number 






1 




«F. 1 


«»C. 




«»F. 


•c. 


022 


1 

1,094 


590 


1 9 


2,390 


1 

! 1,310 


021 


1,148 


620 


i 10 


2,426 


1,330 


020 


1,202 


650 


11 


2,462 


1 1,350 


019 


1,256 


680 


' 12 


2,498 


1,370 


018 


1,310 


710 


1 13 


2,534 


1,390 


017 


1,364 


740 


' 14 


2,570 


1,410 


016 


1,419 


773 


15 


2,606 


1,430 


015 


1,472 


800 


16 


2,642 


1,450 


014 


1,526 


830 


17 


2,678 


1,470 


013 


1,580 


860 


18 


2,714 


1,490 


012 


1,634 


890 


19 


2,750 


1,510 


Oil 


1,688 


920 


20 ' 


2,786 


1,530 


010 


1,742 


950 


21 ! 


2,822 


1,550 


09 


1,778 


970 


22 1 


2,858 


1,570 


08 i 

1 


1,814 


990 i 


23 


2,894 


1,590 


07 


1,850 


1,010 1 


24 


2,930 


1,610 


06 


1,886 


1,030 


> 25 


2,966 


1,630 


05 


1,922 


1,050 


26 

1 


3,002 


1,650 


04 : 


1,958 


1,070 1 


1 27 i 


3,038 


1,670 


03 


1,994 


1,090 


28 


3,074 


1,690 


02 


2,030 


1,110 


29 


3,110 


1,710 


01 


2,066 


1,130 


30 


3,146 


1,730 


1 


2,102 


1,150 


31 ! 


3,182 


1,750 


2 


2,138 


1,170 


32 1 


3,218 


1,770 


3 


2,174 1 


1,190 


33 


3,254 


1,790 


4 


2,210 


1,210 


34 


3,290 


1,810 


5 


2,246 


1,230 


35 


3,326 


1,830 


6 


2,282 


1,250 


36 1 


3,362 , 


1,850 


7 


2,318 


1,270 


37 


3,398 


1,870 


8 

1 


2,354 


1,290 


38 


3,434 ' 


1,890 


1 




— — 


_ . 


i 


_ - ——^— 
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which shows the character of emitted light and its corresponding 
approximate temperature; the color given off at a stated tem- 
perature is approximately the same for all kinds of combustibles 
under similar conditions. 



Table LVIII. — Temperature of 


Emitted Light 




Character of emitted light 


Temperature 


Character of 
emitted light 


Temperature 


op 


«»C. 


•P. 


•c. 



Dark red, blood red, low red 

Dark cherry red 

Cherry, full red 

Light cherry, bright cherry, light 

red 

Orange 



1050 


565 


1175 


635 


1375 


745 


1550 


845 


1650 


900 



Light orange 
Yellow 
Light yellow 

White 



940 

995 

1080 

1205 
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the quantities of heat liberated and absorbed through the formar 
tion of volatile should increase with the proportion of the latter, 
and Euchbne's calculations confirm this anticipation. These 
coals, as employed in gas making, contain ash and moisture, and 
EucHENE gives tables showing the products of distillation, with 

Table LXI. — Products of DisTiLLATio>f with Heat Absorbed and 

Liberated 

Type 3 Coal. Based on 100 Parts (by Weight) of the coal 



Consist of 




Forming on dbtillation 


Parts 


3.31 parts 




• 




moisture 




Ammoniacal liquor 


3.310 


7.21 parts ash 




Ash 


7.210 






Solid 


Coke 

Retort carbon 


61.611 






0.100 






Liquid 


Tar 


4.687 


76.00 parts 






Carbon dioxide . 284 






carbon 


• 


Gaseous 


Carbon monoxide J . 352 
Marsh gas 6.601 
Benzene 1.016 


9.564 










Ethylene 1.311 


1 


9.602 






Cyanogen 0.0361 
I Carb. bisulphide . 002 /""*** ^ 








• 






Solid 


Coke 


0.460 




Liquid 


Ammoniacal liquor 


0.388 


4.78 parts 


Tar 


0.327 


hydrogen 


' 




Hydrogen 1 . 366 










Gaseous 


Marsh gas 1.867 
Benzene . 086 


3.537 








I 


Ethylene 0.218 J 


' 


3.596 






Hyd. sulphide . 01 9 1 ^ ^ 
Ammonia . 040 














▼ * * 1 


Tar 


0.436 


6.82 parts 


4 


Liquid 


I Ammoniacal liquor 


3.107 


oxygen 




Carbon dioxide . 758 




2.560 




Gaseous 


Carbon monoxide 1 . 802 J 


■ 






Other products (?) 


0.717 


0.88 part ! 

1 * 


Coke 


0.270 


Gas 0.385 






nitrogen ' ,„ 

[daseoiis 


Am. liquor 0.183 
Cyanogen 0.042 




0.610 


1 /v^ . ' '^ol'<l 


Coke 


0.683 


1.00 part 
sulphur 


■ 


Gaseous 


Hyd. sulphide 0.306 
Carb. bisulphide 0.011 


0.317 


100.00 parts 




100.000 



\ 
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the quantities of heat liberated and absorbed, for the five t3rpes of 
coal given above and for peat. Coal of type 3 was used for ex- 
haustive experiments, and therefore the significant portions of 
these data are given in Table LXI for this coal. 

Grouping these products in the usual manner, we find that the 
100 parts (by weight) of the coaJ, yielded : 

Parte by 

Coke: weight 

Ash 7.210 

Carbon 61.611' 

Hydrogen 0.469 

Sulphur 0.683 

Nitrogen 0.270 

70.243 
Gas: 

Carbon dioxide 1 . 042 

Carbon monoxide 3 . 154 

Hydrogen 1 .366 

Marsh gas 7 . 468 

Nitrogen 0.385 

Benzene 1 . 102 

Ethylene 1 .529 

16.046 
Ammoniacal Liquor: 

Moisture in coal 3 . 310 

Formed 3.495 

6.805 
Tar: 

Carbon 4.687/ 

Hydrogen 0.327 

Oxygen 0.436 

5.450 

Hydrogen sulphide 0.325 

Ammonia 0.223 

Retort carbon 0. 100 

Cyanogen 0.078 

Carbon bisulphide . 013 

Other products, or unaccounted for 0. 717 

Total 100.000 

The yield of gas amounted to 30.64 cubic meters per 100 kilos 
(4.909 cu. ft. per pound), or 10,995 cu. ft. per ton of 2240 lb., 
while the composition of the gas in volumes per cent, was: 
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The negative sign before the values under "Heat of Decom- 
position," or X, indicates that heat is liberated by the distillation 
of coal, but as the amount thus liberated is not large, it might 
be considered as falling within the limits of the probable errors in 
the observations. The liberation of heat here shown is, however, 
supported by Mahler's results of 1893, he having made use of a 
totally different method of investigation. 

Mahler determined the calorific value of 100 kilos of coal of 
type No. 4, as well as the calorific value of all the products ob- 
tained on carbonizing it. The calorific value of the coal exceeded 
that of the resultant products by 25,483 calories (46,332 B.t.u. 
per 100 lb.), which quantity of heat had, therefore, disappeared, 
or had been liberated during carbonization, this being a further 
proof of the statement that the distillation or carbonization of 
coal liberates heat. 

On comparing this figure with that found in EuchAnb's 

:r^searches covering the same type of coal — viz., 6351 calories — it 

"Vrill be observed that the values both indicate a liberation of heat, 

^ind the difference of 19,000 calories, though apparently great, 

xnay be accounted for by the inevitable sources of error, especially 

«s the errors would be in opposite senses in the two cases. For 

instance, in EucHiiNE's research, the heat of decomposition (x) 

las been computed by taking the difference between the heat 

produced (m) and the heat consumed (3f), thus x = M — m. 

Here x has a negative value, and sources of error would make (M ) 

low in the same manner as (x). But in Mahler's method, x =* 

<7 — c, where (C) is the heat of combustion of the coal, and (c) 

the heat of combustion of the products; and (c) is likely to be too 

low, and consequently (x) too great. 

It is to be observed in the next place that the heat liberated by 
the volatile products increases from 26,228 calories for coal No. 2 
to 34,216 calories for coal No. 4, while the heat of decomposition 
ranges from 1239 to 6351 calories. Further, the sum of the 
heat carried off by the volatile products and of the red hot 
coke is nearly constant, viz., 42,253 calories for No. 2, 42,584 
calories for No. 3, and 43,104 calories for No. 4. It follows that 
the heat of decomposition is characteristic of the different coals, 
just as is the proportion of volatile matter, but it is affected 
by the physical phenomena of distillation. Fusion takes place 
to an extent which varies with the type of coal, it being more 

18 
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48 . 30 


47 . 20 


45 . 20 




12.70 


14.20 


14 70 


, , 


14.40 


13 . 20 


13 60 


' 


Vi . 20 


12.80 


12 30 


■ > 


9.40 


10.40 


11.80 


. •»* . . . 


1.30 


1.50 


1 70 


.... 


0.70 


0.70 


70 




100.00 


100.00 


100.00 


1 

■«' xi'uw of cdmI 








. alurios 


-1,239 


-3,598 


- 6,351 





-2,252 


-0,649 


-11.548 



^..iv lompwsition as that used in the ordinary 

^«^.^ ho operation under three heads, viz., 
ho furnace, and (3) the recuperator or 
The average composition of the producer 

Per cent. 

6 

. :,• 25 

8 

61 

n;.K» i\ -- 1472*^. 

. .liiimoy gases from the furnace consisted of: 

Per cent. 

18.37 

1.82 

79.81 

, V \\)M)\\ = 1922''F. 

. . v;uivinturc wjis reduced to 600°C. (1112'*F.) at the 

^ vxU|HMa(or. In addition to the moisture in the 

.:ifc; ui \A04 cubic meters of vapor (17.72 cu. ft.), 

•vx.i miroduced into the producer 5.92 kilos, or 7.303 

' IS ir» cu. ft.) of water evaporated under the grate, 

vv i;*oi )!i,\\f^ contained 5.803 cubic meters (93.19 cu. ft.) 

V ; kA wliich the coke had vielded 0.828 cubic meter 

i * U'iiN iiiK 1.975 cubic meters (79.90 cu. ft.) of hydro- 

.,.*.M»; bi'cii produced by the decomposition of an equal 

, w.m^i Mtpnr. Hence, of the water evaporated under 
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the grate, 7.363 - 4.975 - 2.388 cubic meters (118.16 - 79.90 
= 38.25 cu. ft.) remained as undecompoaed water vapor. 

The loss of heat through radiation, etc., from the furnace was 
found to amount to 55,933 calories (223,732 B.t.u.) per hour for 
the whole setting; as the setting carbonized 7200 kilos (15,840 lb.) 
of coal per 24 hours, the loss of heat from this cause amoimted, 
per 100 kilos of coal carbonized, to 

55,933 X 24 X 10 _ „ . . , . 
™= = 18,644 calones, 

or, per 100 lb. of coal, to 

^^'"^,,>;^X"» . 33,900 B...U. 

The loss of heat through radiation, etc., from the recuperator 
was found to amount to 7158 calories per hour; therefore, the 
loss of heat from this cause, per 100 kilos of coal carbonized, 
amounted to 

7158 X 24 X 100 „„. , . 
iSgn ~ ^^^® calones, 

or, per 100 lb. of coal, to 

Table LX VIII shows the heat provided and that consumed in a 



K-A'-Hnt.tf'htCtkt 

B-5' " Vulalilt Froaact 



D-d'* vawa* rroavttt 

r- r'- i«j */ faaialion 
fr-S'' Fermation of Mt^ro 



SiEUENS setting of eight retorts, while Fig. 73 gives us a graphic 
comparison of the results recorded in Tables LXVI and LXVIII 
for the two types of setting. 
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I .vuLK LXVllI. — Heat Balance for 100 Kilos, and for 100 Lb. op 
Coal No. 3, Distilled in a Siemens Setting op Eight Retorts 

Producer 
Heat Produced 



Kilos 



Calories 



Vu Ui'ut from coke — 

r of the COi 2.335X8,080-18.858.720 

<>' of the C\) 9.728X2,473 = 24,057.344 

Sulphur 0.148X2,000- 296.000 



I >Ul«rvuct* uiuietermiDed . 



43.212.000 
1.418.000 



l'ot*U. 



44.630.000 



Pounds 



B.t.u. 



2 . 335 X 14.002 - 34.306 
9.728X 4.496-43.737 
0.148X 4.050- 599 



78,642 
2.139 



Total 80.781 



Heat Consumed 



Cubic meters 
I '- Heat of the combustible producer 

«.'iirbou aioJiide 4.352X 425 

Car bou monoxide 18.135X 257 

Hydrogen 5.803X 257 

Niuogeu 44.249X 257 

Water ^uudecompoMd). 2.388X 851 

Water of the coke 1 . 104 X 851 

Sulphur dioxide 0. 103X 758 



Calories 



942- 1.854 

092- 4.662 

092- 1.492 
092-11.376 

013- 2.032 

013- 940 

000- 78 



22.434 
m^oiuupoaition of water 

vapor 4.975X3.079.00-15.318 

Kilos 
H- Ash-pit refuse. 20 per cent, of coke, 

2.96 X 400.0 - 1.184 
F'- Kadiation— \ 

Krom surface of producer (7.661 cal. per hour) — 2.554 (30.644 B.t.u. per hour) 
From tire bars of producer (2.265 cal. per hoxir) - 754 ( 9.060 B.t.u. per hour) 
Krom gas conduit of producer 

(7.158 cal. per hour) - 2.386 (28.632 B.t.u. per hour) 



Cubic feet 


B.t.u. 


69.89X 48.4 


- 3.383 


291. OOX 28.8 


- 8.381 


93.55X 28.8 


- 2.094 


709. 88X 28.8 


- 20.444 


38.30X 96.4 


- 3.602 


17.72X 96.4 


- 1.708 


1.66X 86.0 


143 


• 


40.445 


79.78X348.8 


- 27.827 


Pounds 




2.96X728.0 


- 2.155 



Total 44.630 Total. 



4.043 
1.373 

4.338 

80.781 



Ftrnacb 
Heat Produced 



Calories B.t.u. 

C- Heat introduced by hot prtniucer gas 22.4^ 40.788 

\^- heat furuUhed by combustion of producer gas 

Cubic meters KiIo« Cubic feet Pounds 

i\» -IvS i;j3-Carb 9 7:>8X 5.607 - 54.545 291- 

Carb. 9 728X10.196- 99.186 
Ui - 5 SlVi- 515X34.462 - 17.S6o 93- 

518X62.656- 32.450 

C- Ue-al iutr^Kluceil by hot secvmdary air. . . » 22.335 40.608 

H- Ueul turuUhed by volatile product;s. . . - 29.243 53,176 



rva.d 



146.422 j Total 
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Table LXW 111. —Continued 

Furnace 
Heat Consumed 



X 343.318- 33.536 



Cubic meters Calories 

C — £le«t of chimney gases at 1050<>C. (1922''F> 
COs from producer. . 4.362 X 606.081= \ 10^20 

CO» fromCO 18^.135 X 606.081- i ' 

of the coke.... 1.104 ] 

undecompoaed 2.388 | X 1.005. 372- 9.344 
from the Hs. . 5.803 j 
:«n from pro- 

44.249 

Ml of aee. air.. 45.022 
in in excess. . . 8. 410 j 

in excess 2.235 

dioxide 0.103 

LOved by volatile products at 650°C. 

T.) 

of red hot coke at 950<»C. (1742*>F.) 

by radiation, etc 

k^ absorbed by formation of carbon 

c^nax>40und8 

X — *>y ciifference 



Cubic feet 




70.0 \ 
292.0 / 
17.7 ) 
38.3 
93.1 



B.t.u. 

X 68.68 - 24.862 

>X114.00 - 16.997 



X 
X 



343.318- 
908.000- 



767 
94 

17.999 
24.585 
18.644 



2.547 
25.277 



To 



146.422 



710.0] 

722.0 I X 38.88 - 60.925 
135.0 J 

35.8 X 38.88 - 1.392 

1.7 X102.88 - 175 

32.726 

44.700 

33.898 

4.631 

45.908 



ToUl 266,214 






t, of decomposition x - X - B +0 - 25,277 - 29.243 -I- 2,547 
■t, of decomposition x-X-B+(7-45,908-53,176+4,631 

Recuperator 
Heat Introduced 



- 1.419 Cal. 
-2.637 B.t.u. 



Calories 
C ^hesfct of chimney gases at 1050*'C. (1922°F.) - 57.370 



B.t.u. 
104.128 



Heat Consumed 



Cubic meters Calories 

C — ^heat of chimney gases at 600**C. (1112*F.) 

C^ from producer 4.352 \ 

COtfromCO 18.135/ ^^^ ®^^- ^'^^ 

Water of the coke 1 . 104 ] 

Water undecomposed. ... 2 . 388 f X 740, 796 - 6.866 

Water from Ha 5.803 I 

Nitrogen from producer.. 44.249] 

Nitrogen of sec. air 45.022 | X 190. 131 - 18.572 

Nitrogen in ezcos 8.410 j 

Oxygen in exoew 2.235 X 190. 131- 425 

Sulphur dioxide 0.103 X638.000- 66 

/^-Losses by radiation, etc 2.386 

C~-Heat carried off by secondary air, by dif- 
ference - 22.355 

Total 57,370 



Cubic feet 

2^2:o}><33^« 

17.7 1 

38.3 \ X83.92 

93.1 

21.54 

21.54 
72.28 




B.t.u. 

- 12.221 

- 12,512 

- 33,753 

771 

124 

4.338 

40.409 

104,128 
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Table UiVlll. --Continued 

Recapitulation 
Heat Produced 



Kilos Calories 

A — Heat from coke 

Carbon 12.062X 8,080 ] 

Hydrogen 0.074X34,462 [ - 100,307 

Sulphur 0. 148X 2,000 j 

B — Heat furnished by volatile products 29,243 

Total 129.550 



Pounds 

12.062X14.092 
0.074X62.656 
0.148X 4.050 



B.t.u. 

182.451 
53.176 



Total 236,627 



Heat Consumed 



C— Heat of chimney gases at 600<'C. (1112''F.) 
D — Removed by volatile products at 650°C 

(1202°F.) 

^— Heat of red hot coke at 950*'C. (1742''F).. , 

' F> Producer. . 5,694 ] 
' F* Furnace . . 18,644 J 

F» Recup 2,386 J 

O — Formation of carbon compouqds 

H — Ash-pit refuse 

X — By difference 



Calories 
32,649 

17,999 
24,585 



F — Losses of radia- 
tion. 



Various, undetermined. 



- 26,724 

2.547 

1.184 

25,277 

130,965 
1,415 



Total 129.550 




B.t.u. 
59.381 

32.726 
44.700 

48.590 

4.631 

2,155 

45.908 

238.091 
2.464 



Total 235.627 



Heat of decomposition i-»X-B +0-25,277 -29.243 +2.547= -1,419 cal. 
Heat of decomposition x-X-.B+G-45,908-53,176+4,631 - -2,637 B.t.u. 



Table LXIX. — No. 3 Coal. — Heat Balance for Siemens Setting in 

Percentages 



Heat produced 



Heat consumed 



I. Producer 



Heat from the coke 100.0 



Heat of producer gas 50. 4 

Decomposition of water.. . . 34 . 2 

Losses through radiation . . 12 . 8 

Ashes, etc 2.6 
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II. Furnace 



Combustion of producer 
gas 49.4 

Heat furnished by volatile 
products 20 . 

Heat furnished by hot pro- 
ducer gas 15.3 

Heat introduced by sec- 
ondary air 15 . 3 



Heat of chimney gases at 

1050*;C. (1922°F.) 39.2 

Decomposition of coal 17 . 3 

Heat of the coke 16.8 

Losses through radiation. . . 12.7 
Heat removed by volatile 

products 12.3 

Formation of carbon com- 
pounds 1.7 



III. Recuperator 



Heat of chimney gases at 
lOSO^'C. (1922**F.) 100.0 



Heat of chimney at 600**C. 
(1112**F.) 56.9 

Heat removed by second- 
ary air 38.9 

Losses by radiation 4.2 



General Recapitulation 



Heat of coke 77.4 

Heat furnished by volatile 
products 22.6 



Heat removed by chimney 

gas at 600°C 25.2 

Losses by radiation 19 . 9* 

X 19.5 

Heat removed by the coke. 18.9 
Heat removed by volatile 

products 13.8 

Formation of carbon com- 
pounds 1.9 

Ashes, etc 0.8 



An examination of these tables shows that the differences 
between the two types of settings are chiefly in the losses due to 
the smoke of the chimney gases, and though some of the other 
losses appear higher in the Siemens setting, they are compared 
with a smaller consumption of fuel. The losses through radia- 
tion are, however, really greater with the Siemens setting, be- 
cause of the producer and recuperator, which are absent with 
the ordinary setting. 

On comparing the heat carried off by the chimney gases, the 
following differences are apparent: 
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the couple of the Lb Chatblier pyrometer to the hydrogen sul- 
phide in the retort, two iron tubes, plugged at each end, were 
used within the retort; one tube was plunged in the charge, and 
the other' above it. Observations were made at distances of 1.3 




HoMT* O 



Diagram V. — Temperatures 4 ft. 8 in. from mouth-piece. 

meters (4 ft. 8 in.) and 0.45 meter (18 in.) from the mouth of the 
retort, the results secured being shown in Diagrams V and VI. 
The temperatures above the charge gradually rise as carboniza- 
tion proceeds; but inside the charge these temperatures are more 




Diagram VI. — Temperatures 18 in. from mouth-piece. 

irregular, this irregularity being due to fluctuations in the course 
of the changes taking place, as well as to a want of homogeneity of 
the charge. We find that the temperatures increase away from 
the mouthpiece, and therefore Euchenb assumed 950°C. (1742°F.) 
to be the average temperature of the red hot coke. The curves 
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coking operations was first mentioned by Clayton, iti England, 
in 1737, and in 1781 the Earl of Dundonald secured a patent 
for making coke in bee-hive ovens, his process also covering the 
production of tar, pitch, essential oils, etc., but not until 1792 do 
we find that any successful experiments were made in the produc- 
tion of gas from coal, the successful operator having been Wm. 
Murdoch, the father of the present-day coal-gas industry, the 
results of his labors having made it possible to light the streets of 
London in 1812. The first rectangular or retort ovens were 
built in Germany in 1830, and 5 years later, or in 1835, the first 
retort coke, with its accompanying gas, was made by William 
FiRMSTONE at the Mary Ann Furnace in Pennsylvania. The 
first coke ovens in the Connellsville region are supposed to have 
been built in 1841, while in 1857 Appolt built the first type of 
closed retort oven constructed to utilize the gas produced for its 
own heating. This was followed by Coppee, who built his first 
Belgian oven, using crushed coal, in 1861, and in 1893 the first 
battery of Semet-Solvay ovens was erected in Syracuse, N. Y., 
soon to be followed by ovens of the Otto-Hoffman, Koppers, 
and Collins types. 

Mound Coke.^ — When coal is coked in mounds, Fig. 76, it is 
first necessary tp level oflF the coking ground and surface it with 
coal dust, after which the coal is arranged in heaps or pits, these 
lieaps being provided with longitudinal, transverse and vertical 
flues, sufficient wood being distributed in these channels to ignite 
the entire mass. The base of this mound is made 14 ft. wide, 
and the coal is spread over same to a depth of 18 in., as shown at 
{A). The flues are arranged and constructed on this base in the 
manner shown in the plan, and the coal is piled up in the manner 
sa shown at (B) in the section. The material of which these flues 
are made consists of refuse coke and lump coal, the whole being 
covered with billets of wood. When the heap has been constructed 
and ready for coking, fire is applied at the base of the vertical 
flues (C), the kindling wood at each alternate flue being lighted in 
turn. As the process of coking advances, the fire extends in every 
direction until the entire mass is ablaze. This method of coking 
requires considerable management in diffusing the fire evenly 
through the mass, in preventing the waste of coke by the access 
of too much air at any one place, and in banking up the heaps 
with fine dust as the coking operation progresses from the base to 

* Report L. Sec. Penn. Geological Survey, page 122. 



CARBONIZATION IN OVENS 303 

the cost of a by-product coke oven installation complete, per ton of 
coke produced per year. 

'*A feature of supreme importance in the use of the by-product oven 
is the greater coke yield obtained in this type than in the bee-hive oven 
from the same coals. This amounts to about 23 per cent, to 25 per 
cent, in the low volatile coals, such as Pocahontas and from 5 per cent, 
to 12 per cent, in the high volatile coals, dependent on their original 
content of volatile matter. This subject is not fully understood or 
generally appreciated and yet is of vast importance in the conservation 
of our coal fields. 

"A concrete example will be of interest: Pocahonta* coal coked in 

Bee-hive By-product 

ovenB ovens 

Number of ovens 6,154 560 

Coking time 72 hours 17.5 hours 

Yield of coal t-o coke, per cent 60 82 

Net tons of coal required to produce 2,880,000 tons 

of cokeperyear 4,800,000 3,512,000 

Net tons of eoal saved per year by use of bj-- 

product coke ovens for above coke production 1,288,000 

"This amount of coal saved, if it were coked in by-product ovens, 
would produce about 1 ,000,000 tons of coke per year. What this means 
in coal conservation is so plain that no further comment is necessary." 

The present systems of by-product oven construction are all of 

two types, the one being based on the horizontal flue construction 

of Simon-Carves, and the other on the vertical flue of Coppee; no 

flatter which of these two systems is followed, it will be found that 

the coking chamber proper usually consists of a long, narrow, 

i^tort-shaped structure, built up of firebrick in such manner that 

«^ series of these retorts constructed side by side form a '* battery " 

<^1 ovens. 

The dimensions of the retorts, as well as of the ovens generally, 

xe not alike, various constructors varying these dimensions to 

Kiit their individual system; but, generally speaking, the ovens 

X retorts are about 33 ft. long, from 17 to 22 in. wide, and about 

3i ft. high, the width of the retort tapering toward the dis- 

Aarge end in such manner that the width at this end is from 1 in. 

4 in. more than at the other end; the amount of this taper is 

^pendent upon the nature of the coal to be coked, varying from 

in. for coals that shrink, to 4 in. for coals that swell. 

Mr. C. a. Meissner, in referring to the width of the retort, 

oven, states that in his opinion the present width of oven, 

^"Veraging about 19 in., may not be the limit to which they may be 

'^^lilt and still produce a satisfactory coke within a reasonable 

^Joking time. Modern oven construction permits of such a flexi- 
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have been removed, is stored for heating the carbonizing chambers 
and for other fuel purposes. The gas in leaving the ovens passes 
up through the ascension pipes into the collecting main and is 
then passed through the coolers, scrubbers, exhausters, tar ex- 
tractors and ammonia washers to the gas holder. Unless sulphate 
of ammonia is to be produced by the direct or the semi-direct 
systems,^ the ammoniacal liquor coming from the anmionia 
washers is distilled, the ammonia being then passed into a sul- 
phuric acid bath for the production of sulphate; or it may be 
condensed for the production of strong ammonia liquor, varying 
in strength from 15 to 20 per cent. If it is required to enrich the 
illuminating gas, the benzol ia removed from the poor gas before 
it is piped to the storage holder, and this benzol is used for 
enriching the rich gas. 

Fig. 83 is a schematic plan showing the arrangement of a gas- 
treating plant in which neither the direct or the semi-direct sul- 
phate process is used. Continuous operation of a by-product 
coke-oven plant usually results in producing the same quantity of 
surplus gas daily, and if this product is up to the minimum daily 
consumption, the fluctuation between minimum and maximum 
output can be taken care of by either installing a producer plant, 
or a water-gas plant. If producers are used, they can be operated 
on coke screenings or refuse coke, and the gas thus obtained can 
be mixed with the poor coke-oven gas and used as fuel under the 
ovens, thus permitting of drawing off more rich gas, some of which 
iiowever, would have to be enriched to maintain the illuminating 
standard. 

In the condensing plant illustrated in Fig. 83, we find the poor 

^as and the rich gas entering separate apparatus, first passing 

through the air and water coolers, then through the tar extractor, 

Exhauster, secondary cooler, and ammonia washers, the secondary 

^isooler being required to reduce the temperature of the gas occa- 

ioned by compression in the exhausters. Up to this point both 

ases are treated alike; the rich gas now leaves the condensing 

^^lant and enters the purifiers, passing from thence into the storage 

^^older which feeds the city mains. The poor gas, after leaving 

^^he ammonia washers, is passed through the benzol washers (A) 

-^nd (fi), and passes into the storage holder (C). Here, if neces- 

^aary, it is mixed with producer gas, as explained above, and then 

passes on to the ovens, while the benzol removed from the poor 

^as is used for enriching the rich gas and thus increasing its candle 

* See "Coal Gas Residuals," McGraw-Hill Book Company, Inc., 1914. 
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power. The tax cril used for remoTiii|[ the heouBcil fram the poor 
gas is run from taak {D ) throQi^ the aesocmd betnxol washer (B\ 
and thence into t&nk (£0, frosn whfince it is pumped into the 
first benzol wash^- (J.). The tar oil cKnmng from tank (D) con- 
tains about 5 per cent, of benaol, but wfa^i it €nally leaves 
washer (A) its benxol ocntent has been increased to about 15 per 
cent., and it is then coDertod in tank (F). Fnnn tank (F) tliis 
benzol laden oil is pumped into the sdll (G). wbere the benzol con- 
tent is again reduced to about 5 per centw, tbe exhau^ed oil from 
the still being collected in tank (J7), from whence it is pumped 
through the cooler (/;, and is then kd to tank (D) again, being 
ready for use in the washer (B). Sometimes a distillation plant, 
consisting of a simple tar still and coodenser is added to the sys- 
tem, for the purpose of revivifying a small portion of the oil, 
in order to maintain its benzol extracting properties. In this 
still the oil is freed from the greater portion of the naphthalene 
and other hydrocarbons absorbed during the process: the pres- 
ence of an excessive percentage of these constituents in the tar 
oil would render it inefficient as a benzol extractor. The benzol 
vapors evolved in the still {G) are now carried into the rich gas 
s^'^stem by means of a gas current coming from the pressure side 
of the rich gas condensing plant, the mixture of gas and benzol 
vapors then passing to the inlet of the exhausters of the rich gas 
plant. Operating in this manner precludes the possibility of the 
vapors coming into contact with a large body of tar, as the latter 
would absorb a considerable quantity of the benzol. 

If the auxiliar>^ water-gas plant is made a part of the system, its 
operation is subject to three methods, viz.: either as a producer 
plant, as a carburetted water-gas plant, or as a combined producer 
and water-gas plant. If the plant is to be used simply as a pro- 
ducer, the valve (a) may be kept permanently closed, while valve 
(b) is opened. If air and steam are now blown through the incan- 
descent fuel bed in the producer {K), the resultant gas, after 
being scrubbed in the scrubber (L) may be passed into the fuel 
gas holder, and there mixed with the poor coke-oven gas. 

If the apparatus is to be used as a carburetted water-gas plant, 
valve (6) is closed, and valve (a) is opened, the ordinary system 
of generator (K), carburetor (3f), superheater (AT), wash-box 
(0), condensers (P), and relief holder (Q), being followed. This 
carburetted water gas is now taken from the holder ((?) by the 
exhauster (R) and sent into the rich gas purifying plant, where it 
mixes with the latter and then passes on into the city storage holder. 
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The tar yield in the above te??t amounted to 3.3S fKrr cent., 
hut Dr. Schniewixd states that the a^Mial yield at Kv^-r^-tt, 
Mass., amounts to 4.09 per cent., explaining the difference in 
yield to the fact that the coal ur^d in the tf.*?-t had Uren exp^/sf^i 
to the weather for some time. Table LXXVII rhows the rr-^ult-j 
secured during fractional distillation of the Interrianonal Domin- 
ion tar. as well as a Genrian tar. the latter for compari.^on. 

T.\BLE LXXVII. — Tar D:-ttllatio.v VftfArr-z*. 
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COAL AND COKE 



A summary of results secured with coal from the International 
Seam of the Dominion Coal Company at Cape Breton, Nova 
Scotia, gives: 



Product of 1 long ton of coal 



Pounds 



Coke 

Tar 

Ammonia ( = 1 . 373 per cent, sulphate) . 
Gas, total 10,390 cu. ft. of 0.466 sp. gr. 
Sulphur compounds in gas: 

H,S == 0.98 lb. per M cu. ft 

CSj =0.13 lb. per M cu. ft 

Gas liquor and loss, by difference 

» 
Total 




Per rent. 
71.13 

3 38 

0.34 

16.43 

0.48 
0.07 
8.17 

100.00 



The ultimate analyses of the coal used, and the coke produced, 
showed : 




The calorific value, determined by the Dulong-Mahler for- 
mula, gave 12,437 B.t.u. for the coal and 13,305 B.t.u. for 
the coke. The coal substance, free of ash, contained 2.52 per 
cent, of disposable hydrogen, while the specific gravity of the dry 
coal was 1.28. 

As the composition of the coke ash is of great importance, espe- 
cially if the coke is to be used for domestic purposes, because the 
more fluxible ash is liable to form undesirable clinkers, Dr. 
ScHNiEWiND analyzed the International Dominion ash and com- 
pared it with the ash from other cokes and coals as follows: 



CARBONIZATION IN OVENS 



319 



Table LXXVI. — Analyses op Asu 



Constituent 



Symbol 



Inter- 
national 
coke 



ConnelU- 
ville coke 

by 
E. Pechin 



Phelan 
coke 



Anthracite from 
Lehigh Coal A 

Navigation Co.'s 
Panther Creek 



mine 



Red ash 



Silica 

Alumina 

Oxide of iron 

Oxide of manganese . 

Lime 

Magnesia 

Potassium oxide 

Sodium oxide 

Sulphuric acid 

Phosphoric acid 

Titanic acid 



SiOj 

A1,0, 

Fe,Oa 

MnaO* 

CaO 

MgO 

NajO 

SO, 

PtO. 



Total 



I 



27.71 
13.04 
50.60 
0.25 
4.61 
0.77 
0.85) 
0.18J 
2.62 
0.10 



57.48 

34.64 

5.09 

2.58 
0.08 

Trace 



0.13 



26.65 
12.50 
46.45 
0.70 
6.15 
1.43 
0.64| 
0.41J 
5.01 
0.25 



47.19 
32.52 
4.71 
Trace 
3.64 
0.97 

7.31 

0.71 
1.96 
0.99 



White 
ash 



48.25 

36.18 

3.29 

Trace 

1.95 

0.92 

7.25 

0.49 
0.92 
0.75 



100.00 



100.00 



100.00 



100.00 



100.00 



The tar yield in the above test amounted to 3.38 per cent., 
but Dr. Schniewind states that the actual yield at Everett, 
Mass., amounts to 4.99 per cent., explaining the difference in 
yield to the fact that the coal used in the test had been exposed 
to the weather for some time. Table LXXVII shows the results 
secured during fractional distillation of the International Domin- 
ion tar, as well as a German tar, the latter for comparison. 

Table LXXVII. — Tar Distillation Products 



Fractions 



Tempera- 
ture, °C. 



OTTO-HorrMAN coke oven tar 



Dominion 
coal test 



Dominion 
coal at 
Everett 



Dominion 
coal at 
Sydney 



German 

plant at 

Westphalia 



Light oil 

Middle oil 

Heavy oil 

Anthracene oil 

Pitch 

Water 

Loss . . / 



80-170 
170-230 
230-270 
Over 270 



Total 



Fixed carhon, per cent. 
Specific gravity 



3.7 


1.26 


1.38 


9.8 


14.73 


11.46 


12.0 


7.07 


8.56 


43.0 


21.38 


20.63 


67.0 


53.03 


53.68 


2.3 


1.52 


1.93 


0.9 


1.01 


1.38 


100.0 


100.0 


100.0 


8.0 


8-10 


5.35 
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1.188 


1.14 
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44.35 
30.55 
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Table LXXX. — Gas Analyses 

Made by Koppcrs CJompany 
West Virginia CJoal 



Dec., 1013 


CX)t 


Ot 


111. 


CO 


CH4 


Ha 


N, 


B.t.u. per 
eu. ft. 


2 


1.85 


1.25 


4.35 


7.10 


32.30 


47.50 


5.65 


616 


3 


1.70 


1.35 


4.65 


7.10 


33.20 


46.60 


5.40 


631 


4 


1.40 


0.60 


4.65 


7.05 


31.65 


50.45 


4.20 


621 


5 


1.70 


0.80 


4.50 


7.15 


30.75 


49.40 


5.70 


619 


6 


1.50 


0.65 


4.10 


6.75 


32.25 

■ 


48.25 


6.50 


634 



Made by Con. G. E. L. and P. Company after pumping to Baltimore 



2 


1.7 


0.4 


4.7 


7.0 


33.7 


50.9 


1.6 


621 


3 


1.5 


0.7 


5.4 


6.7 


35.1 


49.3 


1.3 


650 


4 


1.3 


0.7 


4.7 


6.6 


31.9 


53.6 


1.2 


619 


5 


1.5 


0.7 


4.5 


6.6 


30.8 


55.6 


0.3 


629 


6 


1.2 


0.9 


4.3 


6.5 


32.8 


52.4 


1.9 


631 



Pittsburgh Coal 
Made by Koppere Company 



11 


1.25 


0.65 


3.60 


6.80 


30.85 


50.05 


6.70 


614 


12 


1.35 


1.05 


3.25 


6.55 


29.70 


51.15 


6.95 


608 


13 


1.15 


0.75 


3.65 


6.85 


30.95 


52.05 


4 60 


612 


14 


1.30 


0.95 


4.05 


6.55 


31.25 


52.40 


3.50 


612 


15 


1.35 


0.90 


3.65 


6.60 


31.45 


51.65 


4.40 


600 


16 


1.40 


1.00 


3.35 


6.80 


30.50 


52.35 


4.60 


598 


17 


1.00 


0.90 


3.65 


6.75 


30.95 


51.25 


5.50 


607 


18 


1.30 


1.05 


3.95 


6.95 


31.70 


50.30 


4.75 


596 


19 


1.45 


0.90 


3.60 


6.90 


30.90 


52.40 


3.85 


608 


20 


1.40 


1.05 


3.10 


7.35 


21.10 


51.75 


4.75 


593 



Made by Con. G. E. L. and P. Company after pumping to Baltimore 



11 


1.8 


0.0 


3.2 


6.4 


31.7 


54.4 


1.9 


631 


12 


1.4 


0.4 


4.2 


6.3 


33.0 


51.6 


3.1 


616 


13 


1.4 


0.2 


3.6 


6.2 


30.9 


55.8 


1.9 


598 


14 


1.2 


0.8 


3.7 


6.2 


31.4 


54.5 


2.2 


615 


15 


1.2 


0.4 


3.8 


6.0 


32.3 


54.3 


2.0 


601 


10 


1.6 


0.5 


3.6 


0.0 


31.4 


54.6 


2.3 


615 


17 


1.6 


0.5 


3.7 


0.5 


32.0 


53.8 


1.9 


608 


18 


1.6 


0.5 


4.0 


6.1 


30.8 


56.3 


0.7 


607 


19 


1.3 


0.7 


3.4 


6.4 


32.8 


53.0 


2.4 


593 


20 


1.3 


0.4 


3.3 


6.5 


31.3 


52.4 


4.8 


586 
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Before beating 



Sjiiuplo No 
CO, 

O, 

i'O 

ll, 

rii* 

Ns 



1 
I 


4 


6 


5.0 


4.0 


5.6 


1.6 


1.4 


1.4 


0.6 


1.2 


0.6 


10.8 


11.4 


10.0 


49 . 2 


54.8 


45.0 


21.3 


16.4 


19.8 


' 11.5 


10.8 


17.6 



1 


After heating to 


750«-760*C. 
1382<»-1400*F. 

1 


900<»-940»C. 
16o2«-1724*»F. 


1000*-1060«C. 
1832«-1940*»F. 


1 


4 


6 


4.0 


1.6 


0.4 


0.8 

0.6 

12.6 










20.0 


19.2 


50.2 


58.5 


60.0 


20.5 


7.8 


4.8 


11.3 


12.1 


15.6 



b\irther investigations, made by maintaining the coke-oven gas 
at increasing temperatures, showed the following effect: 



lief I ire 

huatiutf 



Tcm. C.° 
Tern. F.** 



Duration soc. 



810 
1490 


900 
1652 


1010 
1850 


1100 
2012 


22 


19 


14 


14 



1210 
2210 



16 



3 4 

7 

7.9 

2.6 

31.7 

42.8 



CO,. . . 

o,.... 

CO... 
CniHn 
CH4... 
H,.. . 



2.6 


2.5 


1.1 


0.6 


0.5 


0.4 


0.3 


0.2 


8.1 


8.7 


9.0 


11.2 


2.2 


0.8 


2 


0.0 


28.9 


25.1 


24.8 


16.0 


49.3 


54.6 


57.1 


65.1 



0.0 
0.0 

11. s 
0.0 
6.8 

74.9 



The results of exposing a gas rich in methane to a firebrick 
wall covered with deposited carbon is shown by the following: 





Original 
composition 

0.3 

0.3 

0.7 
68 3 
30.4 




After heating to 






800«C. 
1472°F. 

0.2 

0.7 

4 

.58 5 

40 2 


OOOT. 
1652°F. 


lOOO^C. 
1832«F. 


llOO^C. 
2012*^ 


1200*»C. 
2192»F. 


(H> 


0.1 

0.8 

3 

54.3 

44.3 


0.0 

0.8 

0.1 

32.6 

65.4 


0.0 
0.5 
0.0 
7.7 
91.6 


0.0 

0.5 


Ciullii 


0.0 

5.8 

93.5 



Conclusions. — As regards the constructive features of coke 
ovtiUH, Mu. C -. A. Meissxer states that regenerative ovens are 
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ever, nearly closed by firebrick, and a special charging dome is 
provided. The producer is located in front of the setting beneath 
the floor, while the gas take-off is at the upper end of the chamber. 
The chambers are charged once every 24 hours, resulting in quite 
some economy of labor. A summary of the results obtained 
during a 10 day's run is given below :^ 

Average charge per chamber 6,190 lb. 

Make per ton, corrected to O^C. and 760 mm 10,733 cu. ft. 

Gas, mean specific gravity 0. 40 

C. P. in slit burner, burning 5.3 cu. ft. per hour. . 10.8 

Calorific value, gross , 662 B.t.u/s 

Calorific value, net 696 B.t.u.'s 

Mean temperature of chambers 1250*'C., 2282**F. 

Dry coke, on percentage of coal 66 . 77 per cent. 

Consisting of large 61 . 57 per cent.. 

Medium and small 3 . 40 per cent. 

Breeze 1 .79 per cent. 

Condensed products, total 13 . 44 per cent. 

Consisting of tar 6.14 per cent. 

Liquor 7 .30 pfer cent. 

Coke (dry) in furnace, per cent, of coal weight 

carbonized 15 . 32 per cent. 

Coke produced, per ton of coal 1,480 lb. 

Tar produced, per ton of coal 136 lb. 

Ammonia liquor, per ton of coal 161 lb. 

Both charging and discharging arc accomplished by gravity, 
but a small pusher is provided for use in case of failure. Four 
men are employed for five ovens each of three chambers, two on 
each side of the oven. The heat in the ovens is very uniform, 
ranging from 1250^ to 1300°C. (2282° to 2372°F.), while the 
waste-gas flue temperature is 350°C. (662°F.). 

The development of the Munich inclined chamber oven is 
reviewed by R. Lessing* with the statement that the results of 
the working of the first large installation were sufficiently con- 
vincing to the authorities of the Hamburg Gas Works, to make 
them decide to erect a battery of ten settings, which has been in 
operation for some time with perfect satisfaction. The heating 
economy of the system may be gathered from it« fuel consump- 
tion of 12 to 15 per cent, of the coal carbonized, with a yield of 
12,500 cu. ft. of gas per ton of English coal. 

1 Herr RiES, Jnl. of Gas Ltg., June 18, 1907, page 810. Gas World, 
June 22, 1907, page 882. 
s Jnl. of Gas Ltg., June 22, 1909, page 832. 
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throu^ the entire mass of the coal« which is still cool. This 
period corresponds with that of the initial hi^ candle power. 
Besides, the great mass of the coal must exercise a cooUng effect 
on the chamber walls for a considerable period: the rich hydro- 
carbons, therefore, pas? undecomposed along the roof of the 
chamber. As soon as the heat has sufficiently penetrated the 
outer layers, so as to be able to soften the undecomposed coal, an 
impenetrable, or semi-permeable zone is formed, forcing the gas 
along the walls to the crown of the chamber. By contact with 
the hot coke and walls the gas will suffer a degradation with 
incidental deposition of carbon. This corresponds with the 
rapidly decreasing illuminating power. This thcorj' finds a cer- 
tain support in the fact that the cake of coke stands away from 
the walls of the oven bv sometimes as much as an inch. Further, 
it is split in the center by a vertical plane along its longitudinal 
axis. The first obser\*ation indicates that the coal, while soften- 
ing, has a tendency to consolidation by filling the intervening 
spaces, and is assisted in this by the pressure put on the gas by 
the condensation of the hea\'ier hydrocarbons. This slight pres- 
sure may be sufficient to affect this tendency in the direction 
towards the center, thus making room for the gas to escape 
along the side walls. 

M. C. SissiN'GH^ reports a test made at Rotterdam to deter- 
mine whether it was possible to eliminate night shifts without 
too great a variation in the quality of the gas. This plant con- 
sisted of four Klonnb chambers, and they were charged at 6 and 
8.45 A.M., and at 1.30 and 4.15 p.m. The gross heating value, 
during the test, rose from 540 B.t.u. at 6 a.m. to 719 at about 
5 P.M., and then fell to the original figure at 6 o'clock the next 
morning. The specific gravity of the gas starting at about 0.35, 
rose to 0.42 at 5 o'clock, then fell to a minimum of 0.32 at mid- 
night, after which it rose to about the figure at which it starteil. 
The candle power, measured by a Metropolitan No. 2 burner, 
rose irregularly from 14 at 6 o'clock a.m. to 21.1 at 6 p.m., and 
then fell xmiformly to about the original figure. In general, the 
yield was 11,122 cu. ft. of gas of 16.2 candle, 602 B.t.u., and 0.37 
gravity, the gas of best quality being obtained about 6 p.m., the 
period of maximum demand. 

In reviewing this statement, the editor of the Gas World' calls 

I Gas World, Oct. 9, 1909, page 434. 
*Oct. 16, 1909, page 451. 
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Average Iragth of chari^e . . .23 hour» 44 minutm 

Average time of charging and discharging. 9 minutiM 

The coal used gave the following anah*sis: 

Per eeat. 

Moisture 1 36 

Aah 10 13 

Combustible 8S . 51 

During the test run 1170 tons of coal were earboniied. yielding 

Gas, corrected to 60^F., 30-in. bar.. 8-in. 

holder pressure 13.567.000 cu. ft. 

Yield per ton of 2240 lb 11.600 cu. ft. 

Calorific value of gas 614 B.t.u. 

Analysis of gas: 

Per cent. 

Carbon dioxide 2.6 

Illuminants 2.9 

Oxygen 0.3 

Carbon monoxide 9.1 

Hydrogen 53.3 

Methane 28.2 

Nitrogen 3.6 

Coke used in producers: 

Tons 

Size from in. to )^2 in 1** 

Size from ^ in. to 1 in 164 

Total 178 

Analysis of coke: 

Per cent. 

to ^i in.: Ash 16.89 

Moisture 18.67 

Combustible 63.54 

yi to 1 in.: Ash 16.14 

Moisture 17.97 

Combustible 65.89 

E. A. Franks* reports on a chamber oven plant in which each 
chamber has an average capacity of 2 tons 15 cwt. of coal, one 
furnace being provided for each three chambers, or two furnaces 
for the entire plant. The floor of the chamber has a slope of 
45 degrees, the roof sloping at 32 degrees. The chamlxT is 
charged by gravity through a door at the top of the rear end, the 
coal being brought to the charging point in a traveling hopper 

^ Gas World, May 31, 1913, page 731. 
23 
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operated by one man. The coke, as it is discharged from the 
chamber, falls into a subway located in front of the battery, and 
it is loaded from there by hand into barrows and wheeled to a 
steam lift, the latter raising it to the ground level. Each furnace 
is 4 ft. square and has a depth of 13 ft., the gas outlet being located 
at a point 4 ft. 6 in. above the fire bars at the rear of the furnace, 
this depth permitting of a continuous run without fiUing for 
16 hours, but requires occasional pricking of the fuel. 
The results of 30 weeks' operation were: 

Coal carbonized 2637 tons, 1 cwt. 

Gas made 28,346,800 cu. ft. 

Coke made 1438 tons, 1 cwt. 

Coke sold 1155 tons, 16 cwt. 

Tar produced 11,551 ^1. 

Gas per ton of coal 10,760 cu. ft. 

Coke sold per ton of coal carbonized 9.3 cwt. 

Tar produced per ton of coal 10. 153 gal. 

An analysis of the gas gave: 

Per cent. 
Carbon dioxide 2.6to 3.4 

lUuminants 2.6to 3.4 

Oxygen Trace 

Carbon monoxide 6 . 1 to 7.3 

Methane 25.5 to 26.5 

Hydrogen 57.0 to 58.0 

Nitrogen, by difference 3.0to 4.0 

Mean illuminating value 14.1 candles 
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values, and therefore many of the samples used were cleaner 
than the general nin-of-mine coal would have been, the low ash 
and sulphur contents noted in Table LXXXIII resulting from 
the exclusion of pyrites. 

Table LXXXIII. — CoMPOsmox or Coal Used by Parr and Oun 



Mines. 
Counties lUinois 



Moisture 



Ash 



Volatile 
matter 




B.t.u. 



Vemiillioii . 
Franklin . . . 

Saline 

Macon. . . . 

Perry 

Williamson 



8.80 


8.72 


43.05 


39.43 


2.88 


6.84 


7.38 


37.96 


47.82 


1.33 


3.93 


5.80 


37.86 


52.41 


1.54 


8.70 


12.12 


39.30 


40.88 


2.30 


7.19 


10.05 


35.42 


47.34 


0.80 


5.30 


8.55 


36.50 


49.65 


2.77 



12,673 
12,770 
13.593 
11,417 
12,153 
12,640 



Sufficient coal, from 2500 to 3000 grams, for one charge was 
crushed at one time, the size of the pieces in the first experiments 
ranging from buckwheat size to 3^^ in., the dust being removed 
by means of a sieve. 

After the retort was charged, steam was admitted for the pur- 
pose of blowing the system until all air had been expelled, after 
which the combustion furnace was started, followed by the burn- 
ers under the retort, the results from average working conditions 
being given in Table LXXXIV. 

Table LXXXIV. — Test Conditions. Parr and Olin 




Weight of coal, grams 

Weight of residue, grams. . . 
Maximum temperature, C.** 
Maximum temperature, F.° 
Ratio of coke, per cent 



4800 


5351 


2195 


3498 


4030 


4112 


1895 


2810 


475 


515 


450 


410 


887 


959 


842 


770 


84 


76.8 


86.3 


80.3 



3398 

2895 

430 

806 

85.2 



The distribution of products, using coal from the Electric 

Mine, Danville, 111., is given below: 

Temperature (average) 450°C. (842°F.) 

Time of distillation 5 hours. 

Volatile matter in original coal, not including 

moisture 43 . 00 per cent. 

Volatile matter in coke residue 27 . 95 per cent. 

Volatile matter in coke residue referred to 

original coal 22 . 01 per cent. 



MiO 
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V\\c L-okf material obtained by this low-temperature process 
\:iiics ill I'liaracter with the character of the coal employed as 
wv'il ;u> lu the amount of pressure employed during the period of 
Ml ionization. For example, Williamson County coal produces 
.1 loko ui much finer texture and less porosity than does Vermilion 
V OuiLi V coal, and, in order to determine the reason for this greater 
noiocvitv, or in order to determine the conditions which would 
iiuKlity it, Park and Oun carried out a test with the coalsample 
lUivlor pi-ossure in the apparatus illustrated in Fig. 1Q2. This 
;ippiuatus consisted of an iron cylinder (A) 8 in. by 4 in., each 
cud iK^ing closed with a screw cap, (B) and (B'), afterthecoal 




Fio. 102. — Parr-Olin pressure retort. 



v'hargo hml been inserted. The movable piston (C), actuated by 
I he roil (D) was pressed against the coal by screwing down the 
uutri {K), the cylinder being perforated as shown to permit the 
\^Si■.u|H^ oi gutfos. This apparatus was placed in the retort shown 
ui Fig. UK), and heat was applied as before. 

K\hibit I shows the results obtained when pressure was applied 
l^vudually ihiring the entire period of distillation, the outer por- 
liuiijii i»f the sample passing through the temporary state of fusion, 
bikoii harilening and forming a wall which resists external pressure, 
thud making the inner core extremely porous. If sufficient pres- 
ttuiv in applied the outer portion will fracture, and the residue 
wiU oome out broken up into small pieces. Coal from Perry 
V\kuuty was used in producing exhibit 1, the specific gravity of 
iho \k\ittT ]X)rtions of this coke mass being 0.733 as against 0.652 
N\hou iH>ked without pressure. During the next test the charge 
WUb lammed into the cylinder and the piston was screwed up 
iittlktlyi no further pressure being applied after heating had 
l»\>4\uu. The resulting column cohered well and it exhibited the 
V4uu^ inon»ase in specific gravity as the one mentioned above. 

\u inliHvsting feature of the product due to this process is the 
v\^uqOo(t^ fusion of the mass under proper conditions, the indi- 
\uluul particles of coal of buckwheat size having completely lost 
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. 11' loiurts being operated under a vacuum of 

^ -V > :i:l\ I' been evolved by the process of distillation, 

. . .. iiil lu the condensing plant, and the hea\'y hydro- 

. . •^ J. ir I here first removed by means of a P. and A. tar 

'he ^:ilurihc value of the gas at this point amounts to 

\-\* i.i.ii. jKT cubic foot. After passing the exhauster, 

^ • .J or led to a pressure of from 50 to 60 lb. per square 

- iv>c>uro is then suddenly released, causing a quantity 

;^v:i .als to condense, and thus lowering the calorific 

! he j;iu> to 750 B.t.u., after which the remaining light 

tiiuuuuia are removed in the usual manner by scrubbing. 

V ..., which now has a heating value of about 300 B.t.u. per 

o^.L, is returned to heat the retorts, the amount of gas 

. ..vaI lu iliis manner being from 5000 to 7000 cu. ft. per ton 

V ..'. i\u boiiizeil. 

vi.\\\M.L states that low-temperature coke has been found 

.* »u' lor usi» in water-gas plants but, owing to its low specific 

. X ;; \ , ii is found that the blast pressure must be reduced, this 

.X liviKni ill pn^ssure being counteracted by the inflammable 

.i.»:.u ur of the coke. The rich gas coming from the low-tem- 

•, ..11 iiiv lotorts can be mixed with the blue water gas, thus con- 

.^lnal>l\ raising its heating power. Foxwell calls attention to 

Ik iiiK't I hat sinc*e the candle-power standard is being rapidly 

.;jK'i.-»i'deil by one based on calorific values, which will probably 

■ K- I hi' standard of the future, all figures given, and estimates 

iii.uU- by him are based on calorific value onlj', and he gives the 

\ohaiio of gtis and calorific value as follows: 

^J:is evolved from low-tempcrat«re distilla- 
tion of coal = 5000 cu. ft. with a calorific 
value of 1000 B.t.u. per cubic foot 5,000,000 B.t.u. 

Khis v»btaiiuxl by gasifying low-temperature 
I'oko in a water-gas plant ( = 70,000 cu. ft. 
por ti>n of fuoD assuming 14 cwt. of coke 
|H'r ton of ooal carbonized as being pasi- 
i\vd in this plant = 49,000 cu. ft., with a 
raloritio value of 320 B.t.u. per cubic foot. lo.6S0,000 B.t.u. 



Potal 54.(XH) cu. ft. of pas 20,GS0,000 B.t.u. 

iu^l i\\\^ combination gas would have a calorific value of 383 B.t.u. 
11% I s'^ibu- toot. 

K\K\\N WM. assumes that in onlinar>- g:\s-works practice there 
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18 a yield ci 60 per cent, of coke and 12,000 cu. ft. of gas per ton 
of coal carboniied, or that 1 cwt. oi coke is produced for evny 
1000 cu. ft. of gas made, and that the disposal of this quantity 
of coke will give the gas manager some trouble. He then assumes 
that 0.75 cwt. of coke will be made for every 1000 cu. ft. of gas 
produced in the low-temperature process, and thus secures the 
following figures: 

Total gas produeed from 1 too of coal (as 
giren above) » 51,000 cu. ft 20.6Sa00D B.t.u. 

One ton of coal produces about 14 cwt. of 
smokeless fuel; allowing 0.75 cwt. of coke 
to each 1000 cu. ft. of total gas output, 
3.83 tons of coal would be required. Gas 
produced from low temperature distilla- 
tion of 3.83 tons of coal ~ approx. 19,150 
cu. ft. of gas of 1000 B.t.u 19,15a000 B.t.u. 

Total 73.150 cu. ft. of gas 39.S30.000 B.t.u. 

and this is equivalent to a gas ha\nng a calorific value of 544.5 
B.t.u. per cubic foot. The gas is of good quality, and its heating 
value can be varied at will by increasing or decreasing the amount 
of low-lemperature rich gas mixed with the water gas. 

In order. to arrive at a reasonable estimate of the finances in- 
volved by such a scheme, Foxwell took a set of figures issueii 
by a firm manufacturing low-temperature equipment, and de« 
ducted 25 per cent, from all yields except coke and ammonia, 
assimtiing that this reduction would represent the diflference be- 
tween test conditions and ordinary' working. He states that the 
total yield of oil from bituminous coal ranges between 16 and 22 
gal. per ton, and taking the lower figure of 16 gal., the yields ol>- 
tained on fractionation would be, per ton of (!oal carbonized, 
about: 

Light oils 1.0 gal. . 

Middle oils 4.3 gal. 

Lubricating oils 3.0 gal. 

Pitch 70 lb. 

while the other by-products obtained from the distillation of a 
ton of coal are: 

Coke 14 cwt. (70 per cent.) 

Ammonium sulphate 24 lb. 

In the case of a works producing 3,000,000 cu. ft. of gas a day, 
and with a gas yield of 12,000 cu. ft. per ton of coal carbonizeil, 
the coal used per day would amount to 250 tons. For every ton 
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and the calorific value per pound of gas will be 

0.2456 X 1 X 950 = 233.32 B.t.u. 
The volume of the above flue gas at 950°F. (SIO'^C.) wUl be: 



Fuel: 388,876 + 
H,0: 40,213 -h 



(950 - 60) (0.00206)} 388,876 = 1,101,841 cu. ft. 
(950 - 2 12) (0.00206)} 40,213 = 101,337 cu. ft. 



Total volume = 1,203,178 cu. ft. 

Waste-heat Boiler. — The waste heat boiler is of the Babcock- 
Wilcox type, arranged as shown in Fig. 103, and it is to produce 
steam of 100 lb. pressure, corresponding to 340°F. in temperature. 
Allowing a maximum passage of 4000 lb. of flue gas per hour 
through the boiler passes, and a minimum of 1 sq. ft. of heating 
surface per 10 lb. of flue gas, we have a temperature factor, de- 
termined experimentally, of 0.132, and the temperature of the 
gases leaving the boiler will be 

340 + 0.132(950 - 340) = 420°F.; 

consequently the drop in temperature while passing through the 
boiler will he. 

950 - 420 = 530°F. 

The boiler, as designed, has the following gas passage: 

Width of pass = 53 in. 

Tube space, 7X4 = 28 in. 



Net width = 25 in. = 2.07 ft., 

while the length of the pass is 4 ft. 6 in.; the area of the pass will 
then be 

2.07 X 4.5 == 9.315 sq. ft. 

and the weight of gas passing through per hour will be 

which is within the maximum of 4000 lb. allowed. 

Allowing, as per the above, 1 sq. ft. of heating surface per 10 
lb. of gas, we would require 

35,575.6 o...^ - 
... = 3o/o sq. ft., 

while the boiler, as designed, has 3930 sq. ft. of heating surface. 
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-=i.».iHX> lb. of steam per year, the cost of 
.1 iiaiiil-tired boiler, will therefore be: 

175.200 " ' 

■I t^'d by the use of waste-heat boilers under 
- iificiort' amounts to 19.7 — 10.4 = 9.3 cts. per 

-al ill the latter example was S3.25 per ton in 
N, A lulo the cost of water in both cases was 65 cts. 

'i. 
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standard quality of blast-furnace coke is exhibited by the follow- 
ing: 



Mixture 



Shatter test 



Through 
2-in. Bcreen 



On 2-in. 
Bcreen 



Specific gravity 



Apparent 



True 



Poroeity or 
percentage 
oi cell space 



80 per cent. Pocahontas \ 
20 per cent. Ronco / 

80 per cent. Pocahontas \ 
20 per cent. Ronco 1, Ills. / 
60 per cent. Pocahontas 1 
40 per cent. Ronco. / 



15.6 


84.84 


0.976 


1.841 


16.11 


83.89 


0.950 


1.824 


14.06 


85.94 


0.992 


1.834 


-' 









47.03 



47.92 



46.31 



In all by-product ovens the coke is pushed by means of a ram, 
of very heavy cross-section, usually so arranged as to carry a 
rack of heavy cast-steel teeth on its bottom; this rack engages a 
pinion, and is thereby driven into the oven, power being supplied 
by a motor of from 40 to 50 hp., although some rams are driven 
by steam, and others are oi>erated hydraulicly. The ram is 
usually guided by a series of rollers, so spaced as to maintain 
the ram in a central position, and the entire machinery is sup- 
ported on a heavy steel frame running on two tracks, the same 
motor used for operating the ram being employed to traverse 
the machine in front of the ovens. The operator's cab, contain- 
ing all of the controller levers, is so situated that the operator 
has a clear view of the oven and its immediate surroundings. 
This machine also usually carries a drum and cable for hoisting 
and lowering the oven doors. 

Coke Quenching ajid Loading. — The treatment of by-product 
coke often presents some very difficult operations, these diffi- 
culties often being increased by the short time elapsing between 
the pushing of the various ovens. At Joliet, 111., the quenching 
bench is located immediately in front of the ovens, the coke being 
sprayed with a definite amount of water as it emerges from the 
oven, and, after steaming, the mass of coke is watched closely; 
if any red-hot coke should appear, it is quickly quenched by 
means of water from a small hand hose. This method of quench- 
ing permits of three or four charges lying in front of a battery, 
and also allows sufficient time to thoroughly quench the coke with- 
out soaking it with water, thus ensuring a reasonably low and 
uniform moisture content. This system of quenching, however, 
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permitting the water between the walls to rise up through the 
holes ia the inner bottom and flood the hot coke. After, the coke 
has been quenched, the bucket is raised and its contents are 
dumped onto the screon (c), passing from thence to the care. 

In the Bahag quencher, screener and loader. Fig. 127, the 
coke ia directed by the frame (o) into the bucket (b), the latter 
dipping its greater portion into the water-tank (c), thus cooling 
the coke. After the entire charge has been passed into the bucket, 
the latter is lowered, and a gate in its bottom is opened, thus 
permitting the water to enter the bottom through a grid plate. 
After a short period of immersion in the water, the bucket is 



Fio. 127.^l(ftmai! coke quencher, screener and loader. 



raised, the water is drained off, the bucket is tilted, and the coke 
is dumped into the hopper (c). This hopper is provided with 
an automatic feeder which distributes the coke onto two grid 
conveyors (/), the latter having a wave-like motion, being thus 
screened and, at the same time, carried to the cars. 

A machine constructed in a similar manner, but in which the 
quenching bucket is stationary, ia built by Meguin, while the one 
built by KoppEHs, for the Budapest gas works, does away with a 
quenching water reservoir entirely. The water ia pumped by 
the pump at (a), Fig. 128, from the trough (6) into the double- 
bottom of the bucket (c), ri.sing from thence through the coke 
mass. The vapor stack (rf) with the deflecting frame (c) oper- 
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\\\x}n its method of production, and its usefulness will depend in 
Kivut measure upon its nature, as hard coke will bum approxi- 
mately as long as soft coke. As regards this degree of hardness, 
it is not necessary' that metallurgical coke shall be hard enough 
to lH>ar the load of a charge in a large smelting furnace, which 
SiMMKRSBACH estimates to be 42.6 lb. per square inch, and from 
his investigations he is leil to believe that it is more important 
for the iH>ke to ho able to withstand frictional forces than crushing, 
lHH*aust* in smelting operations the particles which are rubbed ofif 
the coke by friction form thick masses which impede the proper 
working of the furnace. Under these conditions, coke which 
crumbUni? eju^ilv can l>e used onlv in small furnaces. 

SiMMKKSBAOH fouud that in screened coke the water content of 
the tine i*i>ke was considerably higher than that of the larger 
pitHH^. Another tt^t* on the absorption of water by coke from 
tWi^ iH^king pUuit^, I and II respectively, was made on pieces of 
nuHliiun size. This coke was thoroughly dried, weighed, and 
then immersed in water. Unng then reweighed at intervals as 
given Ivlow. The hygroscopic property was determined by 
placing thoroughly drieii coke in a lx>x in which cold steam was 
inje\*ttHl. The rvsults of these tests showed the following water 
al^s^^r^nion: 



^ n^htac i=t<rr»l. Woiri» I, Work» II, 

hc>i.r» per oeat. 

lU 7 23 

1 7 70 

2 9 10 
D n 20 

12 12 <iO 

24 14 10 

r2 17 30 

144 17 ;^^ 

V^/ V*'--;-' -A". rU-{:.^:vV vVcirAry rir: i *rT?rS x tests to 



4 2 


4 6 


5 2 


6 6 


S 7 


9 9 


10 9 


13 5 


13 « 


•>> 


: >^ 


:^ 


■: A'' 


: J«: 


: :4 



% « \ ^ 
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when the latch is released and the doors opened, thuis permitting 
of a frei^ fall for the coke. A sample of approximately 50 lb. of 
cok(* is placed in the box, and this sample is dropped four times 
on the cast-iron plate, the small material and dust being returned 



'.T- 



^ 



a 



U-' V,j 



\. 




Fir.. 137. — Apparatus for ct^ko shatter test. 

to the box with the large coke after each drop. After the 
iH^ke has lx»en droppoil four times, it is screenetl on a 2-4n. mesh 
sH*rtHMK the iH>ke passing through the screen and that remain- 
ing on it Ix^ng weighed separately, thus determining the amount 
of l>reakage. 
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A French calorie = 1 kg. of water heated l*C. at or near 4*C» 

A British thermal unit » 1 lb. of water heated l^F. at or near a2''F. 

A pound-calorie unit » 1 lb. of water heated l^C. at or near 4*C. 

1 French calorie « 3.968 B.t.u. = 2.2046 pound-calorie. 

1 B.t.u. = 0.252 French <?alorie « 0.555 pound-calorie. 

1 pound-calorie « l.S B.t.u. = 0.45 French calorie. 

1 B.t.u. — 0.252 French calorie « 0.555 pound-calorie. 

1 pound-ealorie = 1.8 B.t.u. = 0.45 French calorie. 

1 B.t.u. =* 778 foot-pounds = Joule's mechanical ei|uivHlent of heat. 

CHEMICAL EQUATIONS FOR COMBUSTION IN OXYGEN 

Hydrogen (H). 

Equation 2Hj -h O, « 211^0 

Relation by volume (2 vols.) -f- (1 vol.) * (2 vols.) 

Relation by weight 1 -h 8 - 9 

Carbon Monoxide (CO). 

Equation 2CO -f O, =. 2C()t 

Relation by volume (2 vols.) -|- (1 vol.) = (2 vols.) 

Relation by weight 7 + 4 =11 

Ethylene, or defiant Gas (CiH4). 

Equation C,H« -f 30, - 2(^(), + 2H«0 

Relation by volume (1 vol.) -f- (3 vols.) « (2 vols.) -f- (2 vols.) 

Relation by weight 7 + 24 « 22 -f 9 

Methane, or Marsh Gas (CH«). 

Equation CH4 -h 20i - CX), -f 2n»() 

Relation by volume (1 vol.) -f (2 vols.) « (1 vol.) -f (2 vols.) 

Relation by weight 4 -f 16 - 11 -f 9 

HEATS OF COMBUSTION OF GASES IN OXYGEN. THOMPSON 



Gaa 



Symbol 



n . . , Heat uniU evolved 

Products of com- 
bustion at IS^'C. ; 

(64.4°F.), water Calories 



liquid 



per kg. of 
gas 



B.t.u. 
per lb. of 
gas 



Kilo- 

caloriffw 

per cubic 

miftor 



Acetylene. . . . 

Benzene 

Carbon mon- 
oxide 

Ethane 

Ethylene 

Hydrogen . . . . 
Methane 



C,H. 2Cih + H,0 
C.H. I6CO2 + 2Hi0 

CO CO2 

CjH. 2COt + 3HiO 
C,H« i2C0, + 2H,0 
H, ; HiO 
CH4 , CO, + 2HiO 



11,917 


21,421 


13,881 


10,102 


18,183 


35,300 


2,436 


4,385 


3,055 


12,420 


22,360 


16,692 


11,931 


21,476 


14,967 


34,180 


61,524 


3,062 


13,320 


23,976 


9,548 



B.t.u. 
per 
ou. ft. 



1,554 
3,954 

342 
1,870 
1,677 

344 
1,070 
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Horizontal Pkehhures Exerted against Vertical Walls per Foot or 

Length 



Anthracite coal >■ 52 lb. per cubic foot a ■■ 2T* 

BituminouB coal — 50 lb. per cubic foot a » 35^ 

Retort coke » 35 lb. per cubic foot a — 45** 

(20 per cent, moisture content) 

AB 
AE - — • 




All prosures in pounds. 






Anthracite coal 



Horisontal 
surface BC 



Surcharged 
BD 



Bituminous coal 




Horisontal 
surface BC 



Pres- 
sure 
on 
lowest 
foot 



6 

10 

32 

45 

57 

70 

83 

05 

100 

121 

133 

147 

150 

172 

185 

107 

210 

223 

235 

250 

261 

274 

286 

300 

312 



Surcharged 
BD 



Pres- 
Total sure 



pres- 
sure 



on 
lowest 
foot 



2560 
2800 
3240 
3610 
4000 
4410 
4840 
5200 
5760 
6250 



310 
330 
350 
370 
300 
410 
430 
450 
470 
400 



Retort coke 



Horisontal 
surface BC 



Surcharged 
BD 



ToUl 
pres- 
sure 



Pres- 
sure 
on 
lowest 
foot 



Total 
pres- 
sure 



Prefr 

sure 

on 

lowest 

foot 



10 


10 


40 


30 


00 


50 


160 


70 


250 


00 


360 


110 


400 


130 


640 


150 


810 


170 


1000 


100 


1210 


210 


1440 


230 


1600 


250 


1060 


270 


2250 


200 



I 



3 

12 

27 

48 

75 

108 

147 

102 

243 

300 

363 

432 

507 

588 

675 

768 

868 

073 

1080 

1200 

1323 

1451 

1586 

1728 

1875 



I 



3 



15 

21 

27 

33 

30 

45 

51 

57 

63 

60 

75 

81 

87 

03 

100 

105 

100 

118 

123 

128 

135 

142 

147 



5 

21 

46 

82 

128 

186 

253 

330 

418 

513 

621 

730 

867 

1005 

1153 

1312 

1482 

1562 

1852 

2052 

2262 

2583 

2714 ! 

2055 

3206 I 



5 

16 

25 

36 

46 

58 

67 

77 

88 

07 

108 

118 

128 

138 

148 

150 

170 

180 

100 

200 

210 

221 

231 

241 

251 
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vapor, decomposition of, 207 
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Waukegan, ovens at, 314 
Weathering coal, 15 
Weight of air, 190 

of producer gas, 225 

Weimar, chambers at, 352 
Wellman-Seaver loader, 386 
White's investigations, 40 
Width of chambers, 303 
Winmill's investigations, 31 
Woodall-Duckham verticals, 150 

verticals at Derby, 156 

verticals at La Grange, 157 

verticals at Lausanne, 157 

verticals at Nine Elms, 157 



X 



Xyloid lignite, 5 



Yield due to varying charges, 120 
greater, in by-product ovens, 

303 

in Otto-Hoffman ovens, 317 

of coal in coke, 100 

-of products. Parr and Olin, 358 
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